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ABSTRACT 


The  object  of  this  project  was  to  deteraine  the  effect  of 
thermal  flux  and  other  atomic  blast  phenomena  on  the  service  liie 
and  use  characteristics  of  selected  paint  systems,  plastics  and 
coated  fabrics  currently  used  or  proposed  for  use  by  the  Corps  of 
Engineers.  Little  or  no  y/ark  has  been  done  previously  on  eval¬ 
uating  the  effect  of  atom  weapon  phenomina  on  these  properties. 
Selected  materials  were  exposed  to  a  laboratory  source  of  thermal 
flux  using  Navy  searchlight  method,  with  the  object  of  establishing 
a  correlation  between  laboratory  and  field  test  results.  Represent¬ 
ative  paint  systems,  plastics  and  coated  fabrics  were  exposed  to 
BAKER  and  DOG  shots  at  thermal  energies  ranging  from  1*6  cal./yr 
to  85  cal./fo*.  The  samples  were  given  a  visual  inspection  in  wSTN 
field  and~f*eturned  to  ERDL  for  laboratory  comparison  with  samples  ] 
retained  a t  ERDL,  to  determine  the  effect  of  the  exposures  on  the  / 
physical  properties  of  the  materials.  / 

\  ( 

The  main  conclusions  were: 


1,  That  visual  inspection  does  not  always  give  a  true  picture 
and  that  subsequent  laboratory  testing  of  the  exposed  samples  is 
necessary  for  accurate,  effective  evaluation  of  the  damage  done  and 
the  condition  of  the  material. 


2.  That  certain  paint  systems  showed  different  degrees  of 
damage  when  painted  on  different  kinds  of  metal  surfaces,  and  that 
the  effect  of  the  kind  of  metal  surface  on  the  damage  to  one  ccaiing 
system  cannot  be  used  to  predict  its  effect  on  other  coating  systems. 

3.  That  paint  systems  applied  to  metal  surfaces  although  com¬ 
pletely  destroyed  by  high  intensities  of  thermal  flux  will  impart 
improved  rust  and  corrosion  resistance  to  theso  surfaces  even  under 
high  humidity  conditions. 

4.  Wood  panels  costed  with  a  developed  fire  retardant  paint 
showed  a  critical  energy  for  wood  charring  of  seven  times  that  of 
the  unpainted  wood  and  tvrice  that  of  ordinary  house  paint. 

5.  That  the  fire  retardant  paint  even  though  completely  de¬ 
stroyed  by  hi$i  thermal  intensity  and  blast  damage  gave  the  under¬ 
lying  wood  good  protection  against  burning  that  was  not  found  in  the 
other  paint  systems. 
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6.  That  the  rigid  plastics  showed  little  damage  below  18 
cal„/ar~  while  most  of  the  plastic  films  and  fibers  had  a  critical 
energy  in  a  range  of  from  10  to  18  cal*/ cm?* 

7*  Subsequent  laboratory  tests  show  tiuu  the  damage  to  coated 
fabrics  at  intensities  up  to  10  cal./cnr  is  a  surface  effect  that 
does  not  affect  the  fabric  itself ,  but  that  intensities  of  iScal./cm^ 
will  severely  damage  the  fabric. 

8.  ^omparisoa  of  laboratory  thermal  data  (searchlight  source) 
with  field  results  filers  only  fair  correlation.  Occasional  contra¬ 
diction  i3  evidenced. 

It  is  recommended  that: 

1.  Critical  wood  structures  subject  to  atomic  blast  exposure, 
be  coated  with  an  adequate  fire  retardant  paint. 

2.  Epoxy  resin  type  finishes  be  considered  for  use  on  metal 
equipment  subject  to  these  conditions. 

3.  That  the  polyester-fiberglas  type  of  plastic  be  used  where 
there  5c  a  .need  for  a  rigid  type  plastic  with  a  high  resistance  to 
thermal  flux. 

4.  That  coated  fabrics  be  flame-proofed  before  coating. 

5.  That  additional  data  (for  use  in  formulating  better  coatings 
and  materials  for  specific  military  requirements)  be  obtained  on: 

a.  The  damage  done  to  «ie  different  coatings  when  painted 
on  magnesium  surfaces.  This  is  important  due  to  the  increasing  use  of 
magnesium  in  the  construction  of  airborne  equipment. 

b.  The  effect  of  these  phenomena  on  fire  retardant  paint 
formulated  to  an  O.D.  or  camouflage  color. 

c.  The  damage  to  plastic  film  and  fibers  in  the  critical 
range  of  10  to  18  cal./cm^. 
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CHAPTER  1 


INTRODUCTION 

1.1  oBJbrrnres 

In  the  Engineer  Research  and  Development  Laboratories  thermal 
project,  conducted  in  conjunction  with  operation  BUSIER,  certain 
specific  paint  systems,  plastics  and  coated  fabrics,  currently  used, 
or  proposed  for  use,  by  the  Carps  of  Engineers,  were  exposed  to  the 
thermal!  effects  and  accompanying  phenomena  of  an  atom  bomb  blast. 

Uiis  was  done  in  order  to  study  and  evaluate,  by  scientific  tests, 
the  effect  of  these  exposures  on  the  expected  service  life  of  the 
different  paint  systems,  plastics  and  coated  fabrics  and  the  ability' 
of  the  coating  systems  to  protect  the  underlying  surfaces  from  the 
thermal  and  sandblast  effects  of  the  explosion.  It  is  important  to 
know  to  what  degree  these  coatings  will  continue  to  protect  the  equip¬ 
ment  from  normal  weathering  conditions  after  exposure  to  these 
phenomena.  This  will  determine  the  necessity  and/or  desirability  of 
removing  the  exposed  material  and  replacing  it  with  new  material. 

T.t  will  also  indicate  any  need  for  better,  more  resistant  coatings 
or  materials. 

1.2  HISTORICAL 

Hie  total  energy  in  cal/cm^  and  delivery  time,  as  well  as 
intensities  in  cal/cm^/sec  delivered  at  various  distanoes  are  the 
quantities  on  which  thermal  effects  depend.  Such  a  small  number  of 
measurements  have  been  made  thus  far,  as  evidenced  by  the  reports  on 
SANDSTONE  and  GREENHOUSE,  that  only  general  conclusions  and  predictions 
can  be  drawn  from  previous  tests. 


A  large  amount  of  work  by  various  members  of  the  protective  coat¬ 
ings  industry  has  been  done  on  the  evaluation  of  the  different  paint 
systems,  plastics  and  coated  fabrics  for  ordinary  usage.  Mattielkr 
gives  a  very  good  discussion  of  the  various  laboratory  tests  and  their 
correlation  with  lield  tests  results.  F.  F.  LaQue^  of  the  International 
Nickel  Company  is  doing  extensive  work  on  the  corrosion  of  metals  and 
metal  protective  systems.  Considerable  work  has  been  done  by  Miller^ 
at  ERDL  in  the  development  of  fire  retardant  paints  and  paint  systems. 
Isano  oil  was  found  to  be  effective  in  one  formulation.  A  study  of 
literature,  however,  fails  to  reveal  significant  information  on  the 
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effect  of  thermal  flux  or  other  atomic  weapon  phenomena  on  these 
materials*  No  evaluation  of  the  effects  of  these  phenomena  on 
the  service  life  or  use  characteristics  was  found.  When  operation 
B15TER  was  proposed,  it  was  suggested  by  the  Office,  Chief  of 
Engineers  that  a  project  be  set  up  to  secure  information  on  these 
thermal  effects.  The  ^nsnere  to  the  following  questions  were 
desired: 

(a)  What  is  the  expected  service  life  of  these  coatings  and 
other  materials  after  exposure  to  the  effects? 

(b)  To  what  degree  are  their  protective  properties  and/or  use 
characteristics  impaired? 

(c)  In  what  specific  characteristics  do  the  materials  fail? 

(d)  Can  an  improved  coating  or  other  material  be  developed 
that  will  overcome  these  failings? 

(e)  Will  the  c. .  .ting  give  adequate  protection  to  the  under¬ 
lying  surface  under  forseeable  conditions? 

Work  has  been  dene  by  other  laboratories  in  this  and  previous 
operations  in  exposing  various  materials  to  atomic  phenomena  and 
studying  these  effects,  but  little  has  been  done  in  evaluating  the 
effect  cf  these  phenomena  on  the  service  life  of  paint  systems  and 
other  materials  used  specifically  by  the  Corps  of  Engineers. 

1.3  'IHEO RETT CAL  CONSIDERATIONS 

An  important  difference  between  an  atomic  and  a  conventional 
explosion  is  that  the  energy  liberated  per  unit  mass  is  much  greatei 
and  the  temperature  attained  is  much  hi$ier  in  the  former  case,  with 
the  result  that  a  larger  proportion  of  the  energy  is  liberated  as 
thermal  radiations. 

The  characteristics  of  the  thermal  radiations  from  an  atomic 
explosion  as  derived  from  theoretical  considerations  are  discussed 
in  sotob  detail  in  the  "Effects  of  Atonic  Y/eapons^.  According  to 
theory,  approximately  one  third  of  the  total  energy  released  is 
emitted  as  thermal  radiation.  At  about  0.1  millisecond  after  tho 
detonation,  the  fire  ball  consists  of  an  isothermal  sphere  of  about 
50  feet  radius  and  having  a  temperature  of  about  300,000  0  K.  From 
theoretical  considerations,  it  may  be  assumed  that  the  fire  ball 
emits  essentially  black-body  radiation. 
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Before  the  characteristics  of  the  thermal  energy  received  at  any 
distance  from  the  fire  ball  can  be  estimated,  it  is  necessary  to 
correct  for  atmospheric  attenuation  both  by  the  undisturbed  atmosphere 
present  at  a  distanoe  from  point  zero,  and  by  the  abnormal  atmosphere 
produced  around  point  zero  by  the  detonation  itself.  At  the  present 
time,  it  must  be  said  that  sufficient  uncertainties  still  exist  on 
theoretical  grounds,  to  render  of  limited  value,  quantitative  calcula¬ 
tions  of  the  characteristics  of  thermal  energy  received  at  any  distance 
from  point  zero.  Physical  measurements  in  actual  field  operations 
are  needed  to  correlate  and  check  the  theoretical  calculations.  These 
measurements  are  made  with  calorimeters  and  passive  indicators.  The 
calorimeters  measure  the  total  integrated  energy  wliile  passive  indi¬ 
cators,  such  as  certain  textiles,  plastics  and  other  materials,  mea¬ 
sure  only  the  effective  flux,  that  is,  the  flux  that  will  initiate 
and  sustain  damage. 

* 

The  intense  ultraviolet  radiations  emitted  in  the  first  milli¬ 
second  of  the  detonation  is  only  a  small  fraction  of  the  total  energy 
released  and  will  not  in  itself  produce  visible  damagej  however,  it 
may  set  up  photochemical  or  other  reactions  that  could  affect  the 
service  life  of  the  materials.  To  evaluate  this  condition  and  the 
other  thermal  effects,  as  well  as  the  other  phenomena,  identical 
unexposed  panels  were  concurrently  evaluated  at  ERDL.  This  service 
evaluation  of  identical  exposed  and  unexposed  samples  show  the  differ¬ 
ences  which  are  attributable  to  the  effect  of  atomic  weapon  phenomena. 
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CHAPTER  2 


EXPERIMENTAL 


2.1  NAVAL  MATERIALS  LABORATORY  EVALUATION  TESTS 

A  series  of  paint  systems,  plastics,  coated  fabrics,  and  pack¬ 
aging  mete  rials  were  prepared  for  exposure  to  the  N!iL  laboratory 
source  of  thermal  flux* 


Tables  A.l  and  A*2,  Appendix  A,  lists  the  samples  submitted. 

A  description  of  the  method  of  preparation  of  these  samples  is  also 
included.  These  samples  were  subjected  to  exposure  to  thermal  flux 
by  the  laboratory  searchlight  method  as  described  in  NML  BUSTER 
report  No.  WT311.  In  this  method  the  beam  of  a  24  inch  Navy  search¬ 
light  is  directed  to  a  receiving  mirror  which  concentrates  the  energy 
at  a  focal  point.  The  sample  is  made  to  pass  through  this  focal 
point  at  a  constant  acceleration  or  deceleration,  with  the  total 
energy  nd  time  of  exposure  determining  the  amount  of  thermal  flux 
at  any  point.  The  energy  level  is  determined  by  placing  calibration 
strips  along  the  side  of  the  sample  and  converting  the  speed  of 
travel  into  thermal  energy  in  calories  per  square  centimeter. 
Photograph  2.1  shows  typical  samples  urepared  for  this  exposure. 

2.2  PREPARATION  OF  SAMPLES  FOR  FIELD  EXPOSURE 

Selected  paint  systems  including  alkyds,  phenolics,  epons, 
vinyls  and  a  recently  developed  fire  retardant  paint,  were  applied 
to  steel,  aluminum  and  wood  surfaces.  Representative  samples  of 
plastics  and  coated  fabrics  were  also  included.  Tables  A. 3  and  A. 4 
listing  these  materials  as  well  as  a  description  of  the  method  of 
preparation  are  included  in  Appendix  A. 

2.?  CONSTRUCTION  OF  TEST  RACKS 


The  test  racks  were  designed  and  built,  at  ERDL,  for  these 
test3.  They  are  inexpensive,  light,  but  sturdy  racks  anchored  by 
steel  stakes  and  require  only  6  to  8  man  hours  to  erect  in  the 
field.  The  racks  have  detachable  panel  secti  ns  that  assure  quick 
easy  removal  of  the  samples  to  an  uncontaminated  area  where  they 
may  be  examined  at  leisure.  A  photograph  and  detailed  description 
of  the  rack  are  contained  in  Appendix  A. 
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Fig*  2*1  Typical  Group  Of  Panels  Prepared  For  NHL  Laboratory  Exposure 


2.4  EXPERIMENTAL  PUN  FOR  FIELD  EXPOSURES 

A  series  of  paint  systems,  plastics  and  coated  fabrics  were 
prepared  as  described  in  paragraph  2.2  for  exposure  at  four  sta¬ 
tions  for  both  Baker  and  Dog  Shots,  with  an  extra  rack  for  Dog 
Shot.  The  test  panels  were  attached  to  the  rack  sections  in  the 
camp  laboratories  where  they  were  sheltered  from  the  weather  until 
the  afternoon  before  the  shot.  The  racks  were  set  up  at  the  various 
stat'ons,  adjacent  to  the  Thermal  Line  and  on  a  radius  frco  ground 
zero,  with  the  face  of  tho  rack  oriented  to  receive  nturimum  thermal 
energy.  The  stations  were  located  at  the  following  distances  fro* 
expected  ground  zero. 
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2.4*1  Epkar  Shot 

Station  1  -  2000  feet 
Station  2  -  4000  feet 
Station  3  -  5000  feet 
Station  4  -  700C  feet 

2*4.2  Dof  Shot 

Station  1  -  5000  feet 
Station  2  -  7000  feet 
Station  3  -  9000  feet 
Station  4  -  12000  feet 
Station  5  -  2000  feet 

(1  rack  of  paint  panels) 

After  each  exposure,  the  test  panels  were  monitored  for  pos¬ 
sible  contamination  and  given  a  visual  inspection  for  damage,  then 
returned  to  the  camp  laboratory  for  a  more  careful  inspection.  To 
aoquire  inform tion  on  the  structural  behavior  of  these  light  racks, 
a  rack  with  the  face  completely  covered  by  two  3'  x  5'  plywood 
panels  was  set  at  9000  feet  on  DOG  Shot  with  the  stakes  just  driven 
into  the  ground. 

2.5  EHDL  EVALUATION  OF  EXPOSED  PANELS 

The  sample  panels  exposed  in  2.4  were  returned  to  ERDL  for  lab¬ 
oratory  evaluation  with  duplicate  panels  retained  at  the  la bora t cries . 
Tne  paint  samples  were  subjected  to  salt  spray,  accelerated  weathering 
and  high  humidity  and  then  evaluated  for  flexibility,  abrasion  resis¬ 
tance  and  shear  hardness.  Any  differences  between  the  too  sets  of 
panels  was  attributed  to  the  field  exposure.  The  panels  coated  with 
fire  retardant  and  ordinary  house  paint  were  given  standard  condition¬ 
ing,  and  evaluated  for  fire  retardant  properties  as  specified  in 
Federal  Specification  IT- P-26. 

The  plastics  and  coated  fabrics  were  evaluated  for  damge,  by 
the  usual  laboratory  tests  of  flexual  and  breaking  strength,  elongation, 
surface  hardness,  and  light  transmission,  A  detailed  description  of 
the  be3t  procedures  are  given  in  Appendix  B. 
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CHAPTER  3 

RESULTS  OF  DIFFERENT  EXPOSURES 

3.1  RESULTS  OF  NML  LABORATORY  EXPOSURE  TESTS 

The  results  of  this  exposure  test  are  shown  in  Table  C.l, 
"The  Effect  of  Exposure  to  Laboratory  .thermal  Flux  on  Certain 
Materials 


3.2  FIELD  EXPOSURE  TESTS 

Samples  of  paints,  plastics,  and  coated  fabrics  were  exposed 
to  the  BAKER  and  DOG  Shots,  at  four  different  stations,  yielding 
intensity  levels  varying  from  1.6  to  85  cal/cm^.  Figures  3.1  and 

3.2  show  typical  damage  to  these  materials  at  selected,  intensity 
levels.  It  should  be  noted  that  this  damage  is  caused  by  both 
thermal  and  blast  effects.  Considerable  thought  was  given  to 
methods  of  distinguishing  between  thermal  and  blast  damage.  The 
use  cf  quartz  wiroows  or  electronically  operated  shutters  were  not 
considered  practical  because  of  the  number  and  size  of  the  samples 
to  be  exposed  mac-u  their  use  excessive  in  coot.  Y/hile  this  was 
primarily  a  thermal  effects  project,  the  Engineers  were  also 
interested  in  the  actual  damage,  (thermal  and  blast),  to  the  nuteri- 
als.  In  every  case  possible,  the  blast  damage  has  been  allowed 
for  in  the  evaluation  of  the  thermal  damage  to  the  sample.  Table 
C.2,  shewing  the  thermal  flux  and  blast  pressures,  as  well  as 
ThtO.es  C.3,  C.4,  and  C.5,  giving  the  results  of  the  field  exposure, 
are  included  in  Appendix  C.  A  selective  summary  of  these  data 
follows : 

At  85  calories  all  of  the  paint  systems  were  completely  des¬ 
troyed.  The  panels  with  the  epoxy  type  finish  appeared  to  have 
small  bits  of  paint  left  on  the  surface,  while  the  panels  with  the 
vinyl  type  finish  had  a  greyish  mat  finish.  The  panels  coated  with 
house  paint  and  with  fire  retardant  paint  showed  complete  destruction 
of  the  paint  film  and  excessive  sand  erosion.  No  plastics  or  coat¬ 
ed  fabrics  were  exposed  at  this  station. 

At  IS  calories  most  of  the  paint  systems  showed  charring  and 
blistering.  The  coated  pine  panels  shewed  blistering  with  a  red 
color  in  the  rosin  grain.  The  coated  poplar  panels  showed  charring 
but  no  blistering.  The  rigid  plastics  showed  little  damage,  while 
tiie  plastic  films  and  fibers  were  destroyed.  Some  of  the  coated 
fabrics  were  completely  destroyed,  others  were  melted  and  charred. 
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Fig.  3.2  EUetic  Suplaa  After  Field  Exposure  at  Different  Intenaity  Level* 


At  9.8  cal/ car2  the  paint  systems  on  metal  panels  showed  some 
gravel  damage  with  the  aluminum  panels  showing  a  few  blisters. 

The  coatings  on  pino  wood  panels  showed  blistering  and  charring. 

The  poplar  panels  coated  with  houss  paint  showed  seme  blistering 
while  the  fire  retardant  paint  showed  none.  The  rigid  plastic 
films  and  fibers,  and  the  coated  fabrics  did  show  some  damage. 

At  energies  below  5.7  cal/ cm2  the  paints  on  metal  panels  showed 
occasional  fine  blisters  with  the  aluminum  panels  showing  slightly 
more  damage  than  the  steel.  The  pine  panels  showed  blistering  and 
some  light  charring.  The  vinyl  and  saran  films  and  the  saran  fiber 
shored  some  damage.  Some  of  the  coated  fabrics  showed  sane  surface 
damage. 

3.3  EHDL  EVALUATION  TESTS 

3.3.1  of  Paint  Systems  on  Metals 

The  alkyd,  phenolic,  vinyl  and  epoxy  systems  coated  on 
steel  and  aluminum  were  exposed  to  salt  spray,  accelerated  weather 
and  high  humidity  and  then  evaluated  for  flexibility,  abrasion 
resistance  and  shear  hardness.  The  results  of  these  evaluations 
are  included  in  Appendix  C  in  the  following  tables. 

Table  C.6  Effect  of  Thermal  Flux  on  Resistance  to 
Salt  Spray  Exposure 

Table  C.7  Effect  of  Thenral  Flux  on  Resistance  to 
Accelerated  Weathering  Exposure 

Thole  C.8  Effect  of  Thermal  Flux  on  Resistance  to 
High  Humidity 

'table  C.9  Effect  of  High  Humidity  on  Painted  Panels 
Exposed  to  a  Thermal  Energy  of  85  cal/an2 

Table  C.10  Effect  of  Thermal  Flux  on  Flexibility 

Table  C.ll  Effect  of  Thermal  Flux  on  Abrasion  Resistance 

Table  C.12  Effect  of  Thermal  Flux  on  Shear  Hardness 

3.3.2  EVALUATION  OF  FIRE  RETARDANT  PATNTS 

Test  panels  of  outside  white  paint  and  fire  retardant 
paint  were  evaluated  far  fire  re  tar  dan  cy  under  Fed.  Spec.  TT-P-26. 
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lhble  C.13,  Appendix  C,  shows  the  effect  of  thermal  flux  on  the 
fire  retardant  properties  of  these  two  paints. 


3. 3.3  Evaluation  of  Plastics  and  Coated  Fabrics 

The  rigid  plastics,  plastic  films  and  fibers  and  coated 
fabrics  were  evaluated  for  the  effect  of  thermal  flux  on  their 
physical  properties.  Ihe  results  of  these  evaluations  are  shown 
in  the  following  tables  in  Appendix  C. 

Table  C.14  Effect  of  Thermal  Flux  on  Rigid  Plastics 

Table  C.13  Effect  of  Thermal  flux  on  Plastic  Films 

Table  C.16  Effect  of  Thermal  Flux  on  Plastic  and  Cotton 

Fibers 


Table  C.17  Effect  of  Thermal  Flux  on  the  Breaking 
Strength  of  Coated  Fabrics 

Table  C.18  Effect  of  Thermal  Flux  on  the  Ultimate 
Elongation  of  Coated  Fabrics 

3.3.4  Comparison  of  Laboratory  Flux  and  Field  Exposure 

Field  exposure  results  on  fourteen  paint  systems  were 
compared  with  the  results  obtained  from  exposure  to  laboratory  flux 
on  the  same  systems  The  results  of  this  comparison  are  shown  in 
Table  C.19,  Appendix  C. 
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CHAPTER  4 

DISCUSSION  OF  RESULTS 


4.1  NHL  EXPOSURE  TESTS 

An  examination  of  Table  C.l,  Appendix  C,  will  show  the  effect 
of  these  exposures.  An  examination  of  these  results  will  show 
that  the  alkyd  and  phenolic  paint  systems  had  a  higher  critical 
energy  when  coated  on  aluminum  than  on  steel  or  magnesium,  while 
the  critical  energy  of  the  epoxy  resin  system  was  higher  on  steel 
and  magnesium  than  it  was  on  aluminum.  In  the  case  uf  the  alkyd 
and  phenolic  systems,  this  might  be  accounted  for  by  the  different 
heat  conductance  of  the  different-  metals.  The  resul's  of  the 
epoxy  resin  system,  however,  show  that  this  reasoning  cannot  be 
applied  indiscriminately  in  predicting  the  damage  to  other  paint 
systems  cn  these  metals. 

It  can  also  be  seen  from  these  results  that  a  good  fird 
retardant  paint  should  have  a  critical  energy  that  is  eight  times 
that  of  unpainted  wood  and  twice  that  of  ordinary  paint. 

The  values  reported  for  the  fibers  do  not  reflect  the  true 
damage  from  thermal  flux.  It  was  noted,  from  close  inspection, 
that  damage  tc  the  fibers  was  caused  more  by  the  ignition  of  the 
wood  than  by  thermal  radiation  falling  on  the  fiber  itself. 


The  rigid  plastics  were  run  at  high  calorie  ranges.  The 
early  charring  of  the  wood  in  some  cases,  was  accounted  for  by  the 
transparency  of  such  samples  as  cellulose  acetate  and  acrylic  resin 
(plexiglass).  The  cellulose  acetate  shewed  marked  effect  frcm 
the  incident  radiation  i.e,  melting,  as  well  as  from  the  burning 
of  the  plywood  backing.  The  acrylic  resin  however,  was  destroyed 
totally  by  the  plywood  backing,  complicating  the  evaluation.  The 
polyester-fiberglass  material  offered  good  protection  to  the  under¬ 
lying  wood  even  though  the  specimens  were  run  to  a  high  range 
(427  to  853  cal/om2).  At  lew  intensities  the  thickness  of  the 
coated  fabrics  acted  as  a  thermal  barrier  protecting  the  underlying 
surface.  It  is  seen  from  this  table  that  the  nitrile  rubber  coated 
fabric  had  the  highest  critical  energy  while  the  neoprene  and 
styrene  rubbers  had  the  lowest. 


Difficulty  was  experienced  in  the  evaluation  of  seme  of  the 
packaging  materials.  The  surface,  both  front  and  back  of  several 
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of  the  materials  were  stencilled  in  black  print  and  the  black  print 
absorbed  mare  of  the  energy  than  the  adjacent  areas.  Sane  of  the 
materials  stuck  to  each  other  or  to  the  wrapping  paper  altering  the 
surface  appearance  of  the  material.  Typical  damage  caused  by  this 
exposure  is  shown  in  Figure  4.1» 

4.2  FIELD  EXPOSURE  TESTS 

A  study  of  the  samples  at  the  various  stations  for  both  shots 
reveals  a  reasonably  good  correlation  between  the  energy  received 
and  the  amount  of  damage.  It  is  also  signficant  to  note  that  there 
was  no  radioactive  contamination  found  on  any  of  the  samples  even 
though  the  surrounding  areas  did  show  some  contamination.  This  is 
possibly  due  to  the  fact  that  the  samples  were  in  a  nearly  vertical 
position  and  thus  missed  any  fall  out  of  radioactive  particles. 

As  would  be  expected,  all  of  the  paint  systems  were  destroyed 
at  the  85  cal/cra^  level.  One  paint,  the  epoxy  resin  system,  appeared 
to  have  small  flecks  of  the  paint  left  on  the  panel.  This  raises 
the  question  "were  the  paints  burnt  off  by  thermal  effects  or  was 
the  damage  caused  by  the  blast  effects”?  This  could  be  determined 
at  a  future  test  using  shielded  and  unshielded  samples. 

It  was  also  significant  to  note  that  the  poplar  panels  coated 
with  fire  retardant  paint  and  ordinary  house  paint  had  the  paint 
completely  destroyed  and  the  panels  deeply  sandblasted,  A  visual 
evaluation  shows  the  two  panels  to  be  identical. 

At  the  18  calorie  station  it  was  noted  that  the  alkyd  luster¬ 
less  enamel  showed  better  resistance,  when  coated  on  steel,  that  it 
did  on  aluminum.  It  was  thought  that  this  could  be  accounted  for  by 
the  higher  specific  conductivity  of  steel  over  aluminum,  however, 
the  phenolic  system  showed  the  reverse  effects  with  the  phenolic 
system  showing  less  damage  over  the  aluminum.  It  was  seen  that  the 
pine  panels  were  covered  with  red  blisters  grading  to  black  in  the 
charred  areas.  This  red  coloration  is  probably  due  to  the  rosin  con¬ 
tent  of  the  wood  or  a  combination  of  the  rosin  and  some  constituent 
of  the  paint.  This  reasoning  is  further  borne  out  by  the  fact  that 
the  poplar  panels  showed  no  blistering  or  red  color.  It  would  seem 
from  these  results  that  it  would  be  desirable  to  have  all  critical 
buildings  constructed  of  non-resinous  wood  or  to  determine  whether 
the  fire  retardant  paint  would  eliminate  the  blistering  of  the  pine 
wood.  A  further  study  of  this  data  reveals  that  the  exterior  fire 
retTrdant  paint  shows  less  deterioration  and  gives  better  protection 
than  the  outside  white  paint. 
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An  evaluation  of  the  plastics  and  coated  fabrics  reveal  that 
the  rigid  type  plastics  show  very  little  damage,  the  phenol-formal¬ 
dehyde  and  the  polyvinyl  chloride  samples  show  a  little  heat  scorch¬ 
ing.  The  absence  of  the  blast  damage  is  probably  due  to  the  thick¬ 
ness  of  the  sample.  The  plastic  films  and  fibers  were  completely 
gone  with  the  exception  cl  the  vinyl  covered  glass  fiber,  in  which 
case,  the  glass  fibers  remained.  It  is  difficult  to  determine 
whether  this  damage  was  caused  by  thermal  or  blast  effects.  The 
coated  fabrics  showed  surface  melting,  charring,  and  the  imbedding 
of  a  layer  of  sand  and  fine  gravel.  The  untreated  duck  sample  and 
the  material  coated  with  a  laboratory  batch  of  neoprene  rubber  were 
completely  destroyed,  but  again  it  is  impossible  to  3ay  to  wnich 
effect  this  was  due.  Again,  at  the  9.6  cal  station  we  find  the 
alkyd  system  sharing  sliphtly  less  damage  on  steel  than  it  does  on 
aluminum.  The  phenolic  system  fails  to  show  any  differentiation  at 
this  level.  It  is  to  be  noted  that  the  house  paint  is  blistered 
at  intensities  of  this  level  while  the  fire  retardant  paint  shows  no 
damage.  It  is  also  noted  that  the  plastic  films,  fibers,  and  the 
coated  fabrics  continue  to  show  no  damage.  It  is  also  noted  that 
the  plastic  films,  fibers,  and  the  coated  fabrics  continue  to  show 
s  me  damage.  It  is  noted  that  some  of  the  plastic  materials 
particularly  saran  and  vinyl  films  were  completely  destroyed  at 
intensities  of  5.6  cal/cm2  and  below.  This  is  probably  due  to 
thermal  flux  rather  than  blast  damage  since  NL1L  laboratory  results 
shew  these  materials  to  have  lew  critical  energies.  It  is  also  seen 
that  some  of  the  coated  fabrics  showed  surface  damage  even  at  these 
low  calories  levels,  but  the  extent  of  damage  could  not  be  determined 
by  visual  inspection.  It  is  particularly  interesting  to  note  that 
the  pine  panels  continued  to  blister  even  at  these  low  intensities. 

It  would  be  of  value  to  find  out  whether  the  fire  retardant  paint 
would  eliminate  the  blistering  of  these  paint  panels. 

It  had  been  originally  planned  to  include  magnesium  in  the  sur¬ 
faces  to  be  tested,  but  it  was  eliminated  due  to  program  restructions. 
In  view  of  the  expanding  use  of  magnesium  as  a  replacement  for 
heavier  materials  in  the  construction  of  airborne  and  other  equipment, 
and  the  inability  to  predict  the  behavior  of  paint  systems  applied 
to  different  metals,  it  becomes  increasingly  desirable  to  obtain 
data  on  the  effect  of  these  phencmina  on  paint  systems  coated  on 
magnesium  surfaces. 


4.3  ERDL  EVALUATION  TESTS 


In  the  evaluation  of  the  test  data  of  this  project  is  is  im¬ 
mediately  seen  that  a  larger  number  of  samples  would  have  given  more 
definite  results,  and  that  the  results  obtained  do  show  trends  from 
which  valuable  conclusions  may  be  drawn. 
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4.3.1  Paint  Systems 

Tables  C.6,  C.7,  and  C.8  Appendix  C,  shew  the  effect 
of  varying  intensities  of  thermal  flux  on  the  resistance  of  these 
coatings  to  salt  air,  high  himidity  and  accelerated  weathering. 

It  is  shown  that,  in  general,  the  exposed  panels  have  poorer  flexi¬ 
bility  abrasion  resistance  and  shear  hardness  than  the  unexposed 
panels,  with  the  amount  of  damage  increasing  with  the  increase  in 
thermal  flux.  This  table  shows  that  the  alkyd  system  shows  less 
damage  over  steel  while  the  phenolic  system  is  best  over  aluminum; 
with  the  epoxy  resin  system  showing  no  particular  differentiation. 
This  3hows  that  the  effect  on  one  coating  system  cannot  be  used  to 
predict  the  damage  that  will  be  dene  to  another.  The  vinyl  paint 
was  exposed  on  steel  alone,  therefore  no  comparison  can  be  made  of 
its  characteristics  on  steel  and  aluminum.  It  is  noted,  however, 
that  it  suffered  less  damage  than  the  other  paint  systems.  This 
is  attributed  to  its  higher  reflectivity.  It  was  a  white  paint 
while  the  others  were  O.D.  in  color. 

A  study  of  Tables  C.10,  C.ll  and  C.12  shows  that  the 
overall  flexibility  of  the  different  systems  is  not  particularly 
affected  by  low  intensities  but  that  a  thermal  flux  of  10  to  18 
cai/on2  causes  a  small  improvement  in  this  property.  This  may  be 
attributed  to  a  heat  polymerization  of  the  paint,  resulting  in  a 
tougher  film.  It  is  also  noted  that  the  overall  abrasion  resistance 
shear  hardness  show  decreasing  resistance  with  increase  in  thermal 
flux.  An  exception  to  this  trend  is  the  shear  hardness  of  the 
vinyl  system.  These  panels  have  very  good  shear  hardness  at  energies 
up  to  10  cal/cm2  but  have  a  sharp  breakdown  at  18  cal/ cm2.  This 
indicates  a  critical  energy  at  seme  point  within  this  range. 

Table  C.4  Appendix  C,  shows  the  effect  of  exposing 
alkyd,  phenolic  epoxy  and  vinyl  systems  to  a  thermal  flux  of  85 
cal/ an2.  Jt  is  noted  that  the  paint  is  completely  destroyed  on 
all  of  the  panels  and  most  of  them  show  severe  sand  erosion.  In 
order  to  determine  whether  there  was  any  surface  effect  not  readily 
noticeable,  these  panels  were  placed  in  a  high  humidity  cabinet 
along  with  a  simular  uncoated  metal  panel.  The  results  of  this 
exposure  are  shewn  in  Table  C.9,  Appendix  C.  It  is  seen  from  this 
table  that  the  exposed  panels  had  improved  resistance  to  rust  and 
corrosion.  It  is  believed  that  seme  of  the  paint  pigments,  such 
as  the  lead,  zinc  or  chranate  were  reduced  and  fu;ed  into  the  sur¬ 
face  of  the  panel  raking  it  more  resistant. 
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"fable  C.13  3 hows  the  effect  of  diff erent  intensities 
of  thermal  flux  on  the  fire  retardant  properties  of  ordinary  house 
paint  and  fire  retardant  paint  developed  by  SRDL.  Based  on  the 
results  obtained  from  this  test,  it  can  be  3ean  that  exposure  to 
low  intensities  of  therm 1  flux  tends  to  improve  the  fire  retardant 
properties  of  the  paint.  This  can  be  accounted  for  by  the  heat 
polymerization  of  the  oils  and  resins,  making  them  harder  and  less 
combustible  under  laboratory  test.  It  is  also  shown  that  the 
different  levels  of  exposure  do  not  significantly  affect  the  weight 
loss  of  either  paint.  A  difference  is  noi ed,  however,  in  the  char 
volume  (amount  of  char  on  underlying  wood  panel)  of  the  two  paints* 

Up  to  a  thermal  level  of  10  calories,  the  house  paint  shows  an 
increase  in  char  volume  with  an  increase  in  thermal  intensity  while 
the  fire  retardant  paint  shows  a  decrease.  Ibis  would  indicate 
that  the  house  paint  is  progressively  breaking  down  to  permit  more 
and  more  destruction  of  the  underlying  wood  while  the  fire  retardant 
paint  is  developing  more  and  more  of  a  protective  barrier  that 
permits  less  and  less  destruction.  It  is  also  interesting  to  note 
that  after  exposure  of  85  cal/cnr,  the  poplar  panels  had  all  of 
the  paint  either  burnt  off,  or  worn  off  from  sand  abrasion.  Under 
visual  inspection  both  panels  appeared  to  be  identical  in  service¬ 
ability,  however,  an  examination  of  fable  C.13  shows  that  the 
panels  coated  with  ordinary  house  paint  were  completely  destroyed 
while  the  ones  with  the  fire  retardant  paint  suffered  a  moderately 
severe  char  but  remained  intact.  This  indicates  that  structures 
ca  ted  with  ordinary  print  wculd  'nave  burned  down  while  those 
coated  with  fire  retardant  paint  would  have  received  a  bad  char 
but  would  remain  standing  and  intact.  Figures  4.2  and  4.3  shrwr 
the  effect  of  thermal  flux  on  these  two  paints  and  their  resistance 
to  turning. 

4.3.2  Plastics  and  Coated  Fabrics 

An  examination  of  fable  C.14  Appendix  C,  shows  that, 
in  general,  thermal  flux  intensities  up  to  18  cal/a>r  have  only  a 
slight  effect  on  the  flexural  strength,  modulus  of  elasticity,  and 
surface  hardness  of  the  rigid  plastics.  The  percent  of  light 
transmittance  was  determined  to  evaluate  the  rise  of  these  materials 
for  windows,  skylights,  etc.  It  is  to  be  seen  that  no  great  amount 
of  damage  wa3  done  at  levels  up  to  9.6  cal/c but  that  a  sharp 
drop  occurred  around  18  cal/cnr  indicating  a  critical  energy  value 
in  this  range.  A  visual  examination  of  the  cellulose  acetate, 
polyester  resin,  and  polyvinyl  chloride  show  that  these  samples  were 
not  uniformly  damaged,  indicating  an  unequal  exposure  to  the  effects. 
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Fig.  4.2  Effect  Of  Thermal  Flux  Outside  White  Paint  (FS.  TT-P-40)  And  A  Fire  Retardant  Paint 
(W  Ext.  20) 
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It  cmi  be  concluded  from  these  results  that,  with  the 
exception  of  the  light  transmittance  properties,  thermal  flux  up 
to  18  cal/car  will  not  seriously  affect  the  use  of  these  rigid 
plastics*  The  fact  that  fiberglass  reinforcing  material  made  a 
good  showing  in  both  the  rigid  plastic  and  fiber  uses  indicates 
a  desirability  of  further  testing  this  material.  Table  C.15 
Appendix  C  show  the  effect  of  thermal  flux  on  the  physical  proper¬ 
ties  of  certain  plastic  films.  It  is  to  be  noted  that  the  films 
in  general  showed  poor  resistance  to  even  moderate  levels  of  thermal 
flux.  It  is  quite  probable  tiiat  this  poor  showing  is  a  result  of 
the  combination  of  blast  and  thermal  damage.  Teflon  showed  destruc¬ 
tion  around  10  cal/cm?  in  the  field  test  and  a  critical  energy  of 
55  cal/ cm2  under  the  NHL  tests.  It  is  also  seen  that  the  saran  film 
showed  a  marked  increase  in  Specific  Gravity  (density).  This  can 
be  accounted  for  by  the  loss  of  plasticizer  and  other  volatile 
constituents* 

Thble  C.16  and  Figure  C.2  Appendix  C,  shows  the  effect 
of  thermal  flux  on  the  physical  properties  of  certain  plastic  and 
cotton  fibers.  The  breaking  strength  was  determined  on  both  the 
straight  and  knotted  strands  since  a  large  requirement  for  these 
materials  is  it',  the  manufacture  of  camouflage  netting.  It  has  been 
shown  by  previous  experience  that  knotting  has  a  definate  effect 
on  the  tensile  strength  of  the  fiber.  The  straight  strand  fibers 
show  little  change  in  breaking  strength  up  to  9.6  cal/car  with 
destruction  of  18  cal/on^.  The  vinyl  covered  fiberglass  is  an  ex¬ 
ception  to  this  trend  showing  little  loss  of  strength  at  any  l^v .1. 

TtB  saran  fiber,  on  the  other  hand,  was  destroyed  at  5.6  cal/crn^. 

The  tensile  strength  of  the  knotted  strands,  while  les3  than  that 
of  the  straight  fibers  showed  the  same  general  trend.  On  the  basis 
ef  these  results,  it  can  be  concluded  that  the  vinyl  covered  fiber¬ 
glass  should  be  usable  after  exposure  to  18  cal/car  of  thermal  flux, 
in  orlon,  cotton,  and  Nylon  FM  3606  up  to  an  intensity  of  8  cal/ cm2, 
and  the  Dynel  and  untreated  nylon  to  5  cal/car.  Saran  will  be  dam¬ 
aged  at  3  cal* 

Tables  C.17  and  C.18  and  Figure  C.3  Appendix  C,  show 
the  effect  of  different  levels  of  thermal  flux  on  the  physical 
properties  of  certain  coated  fabrics.  It  is  sham  that  low  intensitiflB 
cause  ?.ittle  or  no  damage  to  the  tensile  strength  and  elongation 
with  a i me  cf  the  samples  ever,  showing  a  slight  improvement;  while 
18  cal/ car2  will  completely  destroy  or  severely  damage  the  fabric. 

It  is  to  be  noted  from  the  table  that  the  untreated  duck  shows 
destruction  above  9.6  oal/cnr  and  the  laboratory  coated  sample  of 
neoprene  above  5.6  cal/car.  It  i3  sipiif leant  to  note  that  all  of 
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the  cce. ted  fabric  samples  except  the  neoprene  sample  had  been  flame 
proofed  before  coating,  Ibis  at  least,  in  pert,  accounts  for  their 
higher  critical  energies. 

An  examination  of  Fig.  C.3  shews  that  there  was  varying 
amounts  of  visual  damage  to  the  different  samples.  The  test  results 
in  the  above  tables  show  that  at  intensities  up  to  9.6  calories,  the 
damage  is  largely  a  surface  damage  which  has  not  hurt  the  fabric 
itself  but  that  thermal  levels  in  the  range  of  18  calories  will 
destroy  or  seriously  damage  the  fabric  itself.  This  is  another  ex¬ 
ample  of  the  need  of  subsequent  testing  of  physical  properties  in 
correctly  evaluating  the  effect  of  these  phenominee  on  the  service 
life  and  use  characteristics  of  the  various  materials. 

Additional,  more  detailed,  test  data  and  photographs 
not  included  in  this  report  are  on  file  in  the  Materials  Laboratory, 
SHDL  and  are  available  for  inspection  by  any  interested  persons. 


4.4  COMPARISON  OF  LABORATORY  FLUX  AND  FIELD  EXPOSURE  TESTS 

The  object  of  establishing  a  correlation  between  laboratory 
flux  and  field  exposure  effects  is  to  establish  a  method  of  screen¬ 
ing  the  different  materials  in  order  to  pick  the  most  promising 
ones  far  field  exposure.  A  study  of  Table  C.19  reveals  that,  in 
general,  the  field  exposure  was  more  severe  than  the  laboratory 
flux.  Two  exceptions  to  this  are:  1.  The  phenolic  system  on  steel, 
which  shewed  slightly  more  damage  in  the  laboratory,  at  the  loner 
calorie  intensities  and  about  the  same  at  the  higher  intensities. 

2.  The  phenolic  system  on  wood,  which  consistently  showed  more 
damage  from  the  laboratory  flux.  It  is  also  interesting  to  note 
that  there  was  moderate  to  deep  char  of  the  resinous  grain  of  the 
wood  panels,  subjected  to  field  exposure,  while  the  non-resinous 
grain  showed  little  if  any  char.  Ihis  condition  was  not  noted  in 
the  laboratory  samples  possibly  due  to  the  sise  of  the  sample  and 
smallness  of  ‘he  exposed  area.  It  is  believed  that  these  test  data 
shew  a  fair  correlation  with  the  field  exposure.  The  following 
factors  make  a  comparison  more  difficult: 

a.  The  small  number  of  samples  of  each  system  exposed.  Where 
visual  conclusions  are  drawn  from  a  small  number  of  samples  or  fran 
a  small  ar  a  on  a  panel,  the  probability  of  error  is  increased 
because  there  is  no  chance  far  snail  differences  in  apnel  preparation 
or  exposure  conditions  to  be  averaged. 


b.  The  difference  in  the  sizes  of  the  exposed  areas.  The 
field  samples  had  an  area  of  04  sq.  in.  as  compared  to  0.02  sq.  in. 
(10  sq.mm.)  for  the  laboratory  samples. 
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c.  While  the  laboratory  samples  were  subjected  to  thermal 
flux  alone  the  field  samples  were  exposed  to  both  thermal  flux 
and  blast  damage  with  the  blast  damage  possibly  obscuring  ary 
light  surface  char. 

d.  The  apparent  non-uniformity  of  thermal  damage  by  in¬ 
creasing  intensities  of  laboratory  thermal  flux. 
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CHAPTER  5 


CONCLUSIONS  AND  RECOMMENDATIONS 


5.1  CONCLUSIONS 


It  is  concluded  that: 

la  Visual  inspection  alone,  does  not  give  a  true  picture  of 
the  damage  done  and  that  subsequent  laboratory  testing  of  the 
physical  properties  is  necessary  for  the  accurate  effective  eval¬ 
uation  of  the  damage  done  do  exposed  materials, 

2.  Certain  paint  systems  sustain  different  degrees  of  damage 
when  coated  over  different  metal  surfaces,  and  that  the  effect  of 
the  metal  surface  on  the  damage  to  cne  coating  system  was  not  in 
direct  correlation  with  the  effect  on  other  types  of  coating  systems. 

1.  That  paint  systems  applied  to  metal  surfaces,  although 
completely  destroyed  by  exposure  to  high  into  is  l  ties  of  thermal 
flux,  will  impart  improved  rust  and  corrosion  resistance  to  these 
surfaces,  even  under  hi^i  humidity  conditions. 

4.  Wood  panels  coated  with  an  adequate  fire  retardant  paint 
have  a  critical  energy  for  wood  charring  seven  times  that  of  the 
unpainted  wood  and  twice  that  of  normally  used  house  paint, 

5.  The  fire  retardant  paint,  even  though  completely  destroyed 
by  hirh  thermal  intensity  and  blast  damage,  imparted  to  the  under¬ 
lying  wood  a  good  resistance  to  burning  not  found  in  a  similar  wood 
panel  ooated  with  house  paint, 

6.  fire  rigid  plastics  show  little  damage  at  intensities  below 
18  cal/cm^  with  ligfit  transmittance  being  the  only  property  showing 
any  appreciable  change  and  that  plastic  films  and  fibers  in  general, 
are  destroyed  at  critical  energies  in  the  range  of  f rem  8  to  12 
cal/cm2. 

7.  laboratory  tests  show  that  the  damage  to  the  coated  fabrics 
at  intensities  up  to  10  cal/  car2  is  a  surface  effect  that  does  not 
injure  the  fabric  itself  but  that  intensities  of  18  cal/cii^  will 
severely  damage  the  fabric. 


-  23  - 

SECRET 


RESTRICTED  DATA 


SECRET 

Smrity  MhmOni 


8.  Flame  proofing  of  the  coated  fabrics  prior  to  coating 
will  decrease  the  damage  caused  by  exposure  to  these  phenomena. 

9.  The  epuxy  resin  system  is  equally  good  when  coated  on  steel 
or  aluminum  while  the  alkyd  system  suffered  less  damage  when  coated 
ove-  steel,  and  the  pherolic  system  less  damage  when  coated  over 
alum?  num. 

10.  Resinous  type  wood  (pine)  will  blister  even  at  low  thermal 
intensities  irrespective  of  the  coating  system  used. 

11.  Laboratory  exposure  tests  show  that  naterials  having  high 
transparency  or  reflectivity  show  high  critical  energies. 

12.  Materials  having  high  reflectivity  or  absorption  character¬ 
istics  offer  better  protection  to  the  underlying  material  than  those 
with  high  transparency. 

13.  Of  the  rigid  plastics  exposed  to  laboratory  flux  the 
polyester-fiberglas  type  offers  the  best  protection  to  the  underlying 
material  even  at  high  thermal  ranges. 


5.2  RECOMMENDATIONS 


It  is  recommended  that: 

1.  Critical  wood  structures,  subject  to  atomic  blast  exposure, 
be  coated  with  an  adequate  fire  retardant  paint. 

2.  Epoxy  resin  type  finishes  be  considered  for  use  on  metal 
equipment  subject  to  these  conditi  ons. 

3.  The  polyester-fiberglas  type  of  plastic  be  used  where 
there  is  a  need  for  a  non-transparent  rigid  plastic  with  a  high 
resistance  to  thermal  flux. 

4.  All  coated  fabrics  be  flame  proofed  before  coating. 

5.  Further  study  be  made  on  fire  retax’dant  paints  to  determine 
whether  such  paints  formulated  tc  an  O.D.  or  camouflage  color  would 
have  the  same  protective  properties  as  the  paint  evaluated  in  this 
program. 

6.  A  study  be  marie,  at  sane  future  test,  to  determine  the 
effect  cf  these  phonomina  on  coatings  applied  to  magnesium  surfaces. 
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This  data  will  be  of  increasing  value  due  to  the  expanding  use  of 
magnesium  in  air-borne  and  other  equipment, 

7*  Further  work  be  done  to  evaluate  the  effect  of  thermal 
flux  on  single  and  multiple  coat  systems  to  determine  whether  the 
damage  is  a  surface  effect  or  whether  it  sets  up  thermochemical 
reactions  in  the  undercoats  affecting  their  service  15 fe, 

8,  Additional  work  be  dona  '  -"oven  fibers  of  the  camouflage 
net  and  garnishment  type  to  deter'  the  effect  of  these  phenomena 
cm  the  camouflaging  properties  as  well  as  the  physical  character¬ 
istics  of  these  fibers. 

9.  Further  exposures  be  made  on  the  plastics  and  coated  fabrics 
in  the  range  of  10  to  20  eal/enr.  This  was  shown  to  be  a  critical 
range  for  a  number  of  the  samples. 
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APPENDIX  A 

PREPARATION  OF  TEST  SAMPLES 


A.l  PREPARATION  OF  SAMPLES  FOR  NI-tL  EXPOSURE 


A. 1.1  Preparation  of  Paint  Samples 
TABLE  A.l 

Coding  of  Paint  Samples  Prepared  for  NML  Testing 


System  No 


Type  Panel 

Primer  Coat 

Finish  Coat 

Stsel 

“1 

MIL-P-153281 

TT-E-485 

TT-E-485 

Aluminum 

it 

ft 

Magnesium 

It 

It 

Wood 

TT-P-636 

3-174 

Steel 

MIL-P-15328 

TT-E-485 

3-173 

Aluminum 

ft 

n 

Magnesium 

n 

It 

Wood 

tt-f-636 

3-174 

n 

Steel 

MIL-P-15328 

TT-E-485 

TT-e-489 

Aluminum 

It 

ft 

Magnesium 

It 

It 

Wood 

TT-P-636 

ft 

Steel 

MIL-P-15328 

3-193,  Type  I 

3-194 

Aluminum 

It 

It 

Magnesium 

It 

It 

Wood 

3-193,  Type  II 

It 

Steel 

iHL-P-15323 

3-194 

3-193,  Type  I 

3-173 

Aluminum 

It 

It 

Magnesium 

n 

It 

Wood 

3-193,  Type  II 

It 

Steel 

MIL-P-15328 

TT-E-485 

Aluminum 

It 

It 

Magnesium 

It 

ft 

Wood 

TT-P-636 

It 

Steel 

MIL-P-15328 

TT-E-485 

3-173 
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TABLE  A.l 


Coding  of  Paint  Samples  Prepared  for  NHL  Testing 
(conti) 


System  No. 

Tvne  Panel 

Primer  Coot 

Finish  Coat 

26 

Aluminum 

TT-E-485 

3-173 

27 

Magnesium 

ft 

n 

28 

Wood 

TT-P-636 

II 

29 

Steel 

Pigmented  Epon^ 

Pigmented  Epon 

30 

Aluminum 

n  11 

it  11 

31 

Magnesium 

It  It 

n  n 

32 

Wood 

U  It 

II  II 

33 

Steel 

MTL-P-15228 
Pigmented  Devran 

It  II 

34 

Aluminum 

ii  11 

II  II 

35 

Magnesium 

It  tl 

If  II 

36 

Wood 

TT-P-636 

Pigmented  Epon 

37 

Poplar  Wood 

TT-P-25 

TT-P-40 

38 

Poplar  Wood 

« 

Fire  Retardant 
Paint.  TT-P-26 
(Int.) 

Under  painted  panels,  the  primer  and  finish  refer  to  Govern¬ 
ment  specifications. 

2 

The  "Pigmented  Epon"  is  an  Epon-resin  vehicle  pigmented  similar 
to  TT-E*<85b.  It  was  prepared  by  Devoe  Raynolds  Company,  Louisville, 
Kentucky. 


Specific  paint  systems  as  shown  in  the  above  table  were 
prepared  by  brush  coating  them  on  1"  x  8"  x  1/8"  panels  of  wood,  steel, 
aluminum  and  magnesium,  and  allowing  the  paint  to  air  dry  20  to  24 
hours  after  each  coat.  The  paint  systems  on  mstal  were  cut  to 
approximately  one  inch  length  and  the  eight  pieces  mounted  on  a  glass 
melamine  holder  with  an  air  space  less  than  ?  ,16W  between  each  sec¬ 
tion  to  eliminate  heat  conduction  between  the  sections.  The  systems 
on  wood  were  mounted  in  one  piece  and  held  in  place  by  insulated 
retaining  stripe. 

In  the  preparation  and  testing  of  these  samples,  it  became 
obvious  that  brush  coating  of  the  samples  was  not  a  satisfactory 
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method  of  application  due  to  the  requirements  and  limitations  of 
the  test  method.  It  was  seen  that  small  differences  that  aver¬ 
aged  in  normal  practice  on  larger  surfaces  and  on  the  field  panels 
appeared  to  be  intensified  in  the  small  surfaces.  Future  panels 
should  be  prepared  either  by  spraying  to  a  specified  dry  film 
thickness  or  by  use  of  the  doctor  blade  techniques.  If  apparatus 
for  controlled  film  thickness  is  available  it  should  be  the 
quickest  most  efficient  method. 

A. 1.2  Preparation  of  Plastic  and  Coated  Fabri c  Samples 

TABLE  A. 2 

Coding  of  Plastics,  Coated  Fabrics 
and  Packaging  Materials  for  NML  Testing 


System 

Materials  Description 

1.  Plastics 

39 

Polystyrene 

40 

Polyester,  reinforced  with  fiberglas  mat 

a 

Cellulose  Acetate 

42 

Acrylic  (Plexiglass) 

43 

Teflon 

44 

Saran  Sheet 

45 

Polyethylene 

46 

Vinyl  Sheet 

54 

Vinyl  Covered  Glass  Fiber 

55 

Nylon  Fiber 

$6 

Dynel  Fiber 

57 

Saran  Fiber 

58 

Nylon  Monofilm  (FM  3606) 

59 

Orion  Fiber 

60 

Vinyon  (NOHU) 

2.  Coated  Fabrics 

47 

Nitrile  Rubber  (GR-A) 

48 

Natural  Rubber 

49 

Vinyl  Chloride-Acetate  Co-polymer 

50 

Isobutylene-Isoprene  Co-px>lymer,  (GR-I) 

51 

Neoprene  Rubber  (0R-4I) 

52 

Uncoated  Treated  Duck 

53 

Butadiene-Styrene  Co-pjolyaer  (GR-S) 
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TABLE  A. 2 


(conti) 


System 

Materials  Description 

- 1 - 

3,  Packaging  Materials 

121-115 

JAN-B-121,  Grade  C,  Type  I,  Class  1, 
Greaseproof  Barrier-Material,  coated  with 
JAN-P-115,  Dipcoat  Sealing  Compound. 

121-A-II-l 

JAN-B-121,  Grade  A,  Type  II,  Class  1, 
Greaseproof  Barrier-Material. 

121-01-1 

JAN-B-121,  Grade  C,  Type  I,  Class  1, 
Greaseproof  Barrier-Material. 

131a-1-A 

MXL-B-131A ,  Class  A,  Flexible  Yfater- 
Vaporproof  Barrier-Material. 

117-B-I-C 

JAN-P-117,  Grade  B,  Type  I,  Class  C,  Non¬ 
heat  Sealable  Greaseproof,  Waterproof  Bag. 

149-TI-I 

JAN-C-149,  Type  I,  Protective  Strippable 
Compound  Ethylcellulose. 

149-rr-n 

JAN-C-149,  Type  II,  Protective  Strippable 
Compound  Acetate  Butyrate. 

HAH  17563 

AX5  1756  Strippable  (Sprayable)  Protective 
Ccmpound. 

QE-52494 

50-5249  by  P.e  U.  Hollingshead  Corporation 

No  Government  specification  covering. 

AX5-673  Hard  Drying,  Thin  Film  Preservative 
coated  on  l*  x  12"  x  l/P"  mild  carbon  steel. 

3 

Army  Coco®  by  R,  M.  Hollingshead  Carp.,  Cajnden,  N.  J. 
Specification  No.  4939  Army  Coco®  conforms  to  AXS  1756. 

Film  formed  by 

1  coat  webbing  mixed  to  Hollingshead  Specificati®. 

1  coat  coco®  c®sisting  of  3  applications 

(approx.  5  ails  ea)  mixed  with  2  ox  yellow  dye. 

1  coat  coco®  c®sisting  of  3  applications 

(approx.  5  ails  ea)  mixed  with  1  lb  aluminum 
paste  per  gallon  cocoon. 

-  30  - 
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G.  E.  Cocoon  by  R.  M.  Hollingshead  Corporation,  Camden,  N.  J. 
Specification  No.  50-5249 
No  Government  Specification  covering 
formulated  expressly  f cr  General  Electric  Co., 

Knolls  Atomic  Power  laboratory,  Schenectady,  N.  Y. 

Approved  far  use  in  all  AEC  establishment  by  USAEC, 

Washington,  D.  C.  and  Oak  Ridge  National  laboratory, 

Tennessee.  (For  use  indoors  only). 

Film  formed  by 

1  coat  webbing  solution  as  formulated  by  R.  V. 
Hollingshead  Corporation,  Camden,  N.  J. 

2  coats  cocoon  each  consisting  of  3  applications 
(Each  application  approx.  5  mils  thick). 

The  plastics  and  coated  fabrics  as  shown  in  Table  A. 2  above, 
were  prepared  in  the  following  manner. 

A. 1.2.1  Coated  Fabri. cs  and  Plastic  Film 

The  coated  fabrics  and  plastic  film  specimens 
were  cut  into  1"  x  8"  stripe  and  mounted  on  a  glass  melamine  holder 
grooved  to  provide  an  air  background.  A  glass  silicone  laminate 
fire  guard,,  employed  to  prevent  the  propagation  of  a  flame,  was 
mounted  over  the  specimen  and  held  in  place  by  an  insulated  strip. 

A. 1.2. 2  Plastic  Fibers 

The  plastic  fibers  were  wrapned  widthwise  around 
plywood  holders  (1x8  inches)  and  held  in  place  by  insulated  stripe. 
Side  notches  were  utilized  to  prevent  slipping. 

A. 1.2. 3  Packaging  Materials 

The  packaging  materials  were  cut  to  approximately 
1"  x  8"  and  mounted  on  plywood  or  glass  melamine  holders  depending 
on  the  material.  A  glass  silicone  laminate  fire  guard  was  utilized 
on  all  samples  except  the  ethyl  cellulose  and  the  acetate  butyrate 
strippable  compounds. 

A. 1.2. 4  Rigid  Plastic  Material 

The  rigid  plastic  mater-*  t.1  was  cut  to  approxi¬ 
mately  1"  x  4"  size  and  mounted  on  a  1"  x  8"  plywood  strip  and  held 
by  insulated  strips.  A  small  space  less  than  1/lb"  was  kept  between 
the  strips  to  eliminate  heat  conduction. 
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A .1.2.5  Different  Method  of  Mounting  Samples 

Some  further  thought  should  be  given  to  a  differ¬ 
ent  method  of  mounting  these  samples.  In  several  instances  more 
damage  was  caused  from  the  burning  of  the  backup  than  from  incident 
radiation.  This  made  it  very  difficult  to  evaluate  the  samples. 
Improper  packaging  also  caused  loss  of  some  samples.  Paper  and  other 
packaging  material  stuck  to  the  test  face  thus  altering  its  surface 
characteristics.  It  was  noted  also  that  several  of  the  packaging 
materials  had  identifying  stencil  marks  on  the  face  of  the  sample 
that  made  their  evaluation  more  difficult.  A  clearer  more  detailed 
knowledge  of  the  requirements  and  limitations  of  the  method  would 
have  eliminated  this  difficulty 

A. 2  PREPARATION  OF  SAMPLES  FOR  FIELD  EXPOSURE 

A.2.1  Preparation  of  Paint  Samples 


TABLE  A. 3 


Ooding  of  Paint  Samples  For  Field  Exposure 


Code  System 

Type  Panel 

Prime  Coat 

Finish  Coat 

C-l 

Steel 

Wash  primer 
M1L-P-15328 

TT-E-4851 
(2  coats) 

G-2 

Aluminum 

Wash  primer 
fHL-P-15328 

TT-E-485 
(2  coats) 

04 

Wood 

TT-P-636 

3-174 

0*5 

Steel 

MIL-P-15328 

TT-E-485 

3-173 

C-6 

Steel 

MIL-P-15328 

TT-E-489 
(2  coats) 

C-7 

Steal 

MIL-P-15328 

TT-E-485 

3-194 

C— Q 

Aluminum 

MIL-P-15328 

3-193-iyi 

3-194 

C-10 

Wood 

3-193-Ty  II 

>-194 

C-ll 

Wood 

TT-P-636 

TT-E-485 

C-12 

Steel 

Pigmented  Epcn^ 

Pigmented  Epon 

C-13 

Aluminum 

«  « 

" 

C-l  5 

Wood 

n  w 

n  n 

C— 16 

Steel 

VHL-P-15328 
Pigmented  Epon 

H  ft 
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TABLE  A. 3 
(conti) 


Code  System 


Type  Panel  Prime  Coat 

Poplar  Wood  TT-P-25 

Poplar  Hood  TT-P-25 

Steel  Vinyl  Paint^ 

Prime  Coat 
(1  coat) 


Finish  Coat 

TT-P-40 
(2  coats) 
W-Ext  202 
(2  coats) 
Vinyl  Paint 
Body  Coat 
(2  coate) 


The  primer  and  finish  coats  refer  to  Government  specifications. 

Ext  20  is  an  experimental  fire  retardant  paint  developed  under 
research  contract  by  Vita  Var  Corp.,  Newark,  N.  J. 

^ The  vinyl  paint  is  Am er coat  23,  a  commercial  coating  produced  by 
Amerccat  Corp. ,  Los  Angeles,  California 
^Epon  resin  paint  is  an  Epon  type  vehicle  pignented  similar  to 

TT-E-485b  and  was  manufactured  by  Devoe  Raynolds  Co.,  Louisville, 
Kentucky. 

Representative  paint  systems  as  shown  in  Table  A-3  were  pre¬ 
pared  as  follows. 

A. 2. 1.1  Cold  Rolled  Steel  Panels 

7"  x  12"  SAE  1J20  cold  rolled  steel  panels  were 
sand  blasted,  solvent  cleaned  and  coated  as  shown  in  the  above  table. 

A. 2. 1.2  Aluminum  Alloy  Panels 

7"  x  12"  x  0.04"  24ST3  aluminum  alloy  panels  were 
solvent  damned  and  coated  in  accordance  with  the  above  table. 

A. 2. 1.3  Southern  Yellow  Pine  Wood  Panels 

6"  x  12"  x  3/8"  southern  yellow  pine  wood  panels 
were  sanded  smooth  and  free  from  dirt,  and  coated  in  accordance  with 
the  above  table. 


A. 2. 1.4  Poplar  Hood  Panels 

Popla r  wood  panels  conforming  to  the  requirements 
of  Fed.  Spec.  IT -P-26  were  coated  as  shown  in  the  above  table. 
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All  coatings  were  sprayed  to  give  a  total  dry  film  thickness 
of  3.5  to  4.0  ails.  All  systems  except  C.12,  C.13,  and  C.16  were 
air  dried.  These  systems  were  baked  for  15  minutes  at  250°  F. 

A  steel  backup  plate  7"  x  12"  x  l/l6"  was  used  on  all  of  the  samples 
to  ainicd.se  distortion  from  blast  effects. 

In  future  tests  it  would  be  desirable  to  investigate  the  use 
of  standard  gauge  panels  and  to  use  a  controlled  film  thickness  spray 
apparatus  for  coating  the  panels. 

A.2.2  Preparation  of  Plastic  and  Coated  Fabric  Samples 

The  following  table  lists  the  samples  subjected  to  field 

exposure. 


TABLE  A. 4 

Coding  System  for  Plastics  and  Coated  Fabrics 
far  Field  Exposure 


System 

Material  Description 

1.  Rigid  Plastics 

P-1 

Plexiglass 

P-2 

Cellulose  Acetate 

P-3 

Polyester  Resin  (Glass  Vat) 

P-4 

Fhenol-Foraaldchyde  (Asbestos) 

P-5 

Pol:rvinyl  Chloride 

P-6 

Polyethylene 

P-7 

Teflon 

P-8 

Vinyl  Sheet 

P-9 

Saran 

P-10 

Dynel 

P-11 

Orion 

P-12 

Cotton 

P-13 

Vinyl  Covered  Glass 

P-14 

Nylon 

P-15 

Saran 

P-16 

Nylon  Uonofilra  ( KM-3606 ) 
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TABLE  A. 4 
(conti) 


Sy3  t.em 

Material  Description 

2.  Canted  Fabrics 

CF-1 

CF-2 

CF-3 

CF-4 

CF-5 

CF-6 

CF-7 

CF-8 

Butadiene-Styrene  Copol.  (Gk-o) 
Isobutylene-Isoprene  Copol .  (GR-I) 
Neoprene  C-N 

Uncoated  Treated  Duck 

Nitrile  Rubber  GR-A 

Natural  Rubber 

Vinyl  Chloride-Acetate  Copol. 
Neoprene  Rubber  Lab.  batch 

All  of  the  samples  were  mounted  on  l/4"  plywood  panels,  15" 
by  13",  built  up  on  the  ends  co  permit  a  1"  air  space  between  the 
sample  and  the  baclcup  panel.  The  fibers  were  strung  in  parallel 
strands  running  the  length  of  the  panel.  The  rigid  plastic  sanpj.es 
had  mil  holes  drilled  into  each  end  of  the  sample  so  that  the  nails 
used  for  fastening  the  samples  would  not  cause  any  localized  stresses 
in  the  material.  All  of  the  coated  fabric  samples  were  commercial 
products  except  the  neoprene  coated  fabric  which  was  coated  in  the 
laboratory  at  ERDL. 

In  future  tests  thought  should  be  given  to  the  replacement  of 
the  wood  backup  panels  with  a  non-flanrable  nan-conductive  type. 

This  vfould  eliminate  damn  -  e  from  panel  bum  and  simplify  the  evalu¬ 
ate  ons . 


A. 3  COLTTiUCTICN  0^  RACKS  ~0R  FIELD  TESTS 
A. 3.1  Construction  of  the  Test  „icks 

Ute  test  racks,  Fir.  A.l  were  constructed  of  3/8"  angle 
iron  rr'  th  two  renoveable  pinel  hoi  ing  sect: v  ns,  and  hinged  back 
braces  that  permit  ted  the  face  of  the  rack  to  be  set  at  any  angla 
from  90°  to  ISO0,  and  worn  bolted  to  steel  stakes  sot  i.ntc  uie  ground* 

To  determine  the  best  method  of  setting  the  stakes,  they  were  set  in 
three  different  ways. 

a.  let  in  concrete  (6"  thick,  13"  diameter) 

b.  3et  in  the  ground  with  an  18"  baffle  plate  affixed  near 
the  bottom  cf  the  stake  and  the  dirt  backfilled  over  it. 
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c.  The  stoke  merely  driven  into  the  ground. 


Fig.  A.l  Construction  Of  Racks  Used  For  Field  Exposure 


The  rack,  itself,  was  5'  x  10  >  with  two  3'  x  5'  panel 
sections  that  were  2 '  f't’r  of  the  ground.  The  rack  and  panel 
sections  were  sc  cons*.  ted  that  they  reinforced  each  other.  The 
panel  sections  were  secured  to  the  lack  fra  e  oy  three  bolts,  thus 
permitting  quick  easy  removal  of  tru  r  ora  pies  to  an  uricontaminaced 
area  where  a  careful  examination  of  r.e  panels  could  be  nude  and 
a  fresh  series  prepared  for  the  next  shot. 

A  j/4  ton  power  truck  was  used  to  transport  the  sa  .pies 
to  ana  frrn  the  test  site.  A  rack  was  bid  It  on  the  buck  of  the 
truck  in  order  to  stand  the  panel  s  ctions  or  edge  and  space  them 
so  that  none  of  the  samples  would  be  damaged  in  transit., 

In  u  study  of  the  result;;  of  the  exposures  on  this 
project  it  becomes  apparent  that  it  ‘.vould  be  ies  ruble  to  be  able 
to  differentiate  between  the  a-u -e  caused  by  thermal  flux  and  that 
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caused  by  thermal  flux  and  blast  damage  together.  This  could  be 
accomplished  by  either  of  three  modifications  of  the  presently 
used  exposure  racks. 

a.  The  use  of  quartz  or  "Pyrex  Vycer"  windows, 

b.  An  electronically  operated  shield,  or  one  with 

a  fusible  metal  link,  that  would  drop  down  and  cover  uhe  samples, 
after  exposure  to  the  thermal  eff  cts  and  before  the  arrival  of  the 
blast  wave. 

c.  Have  the  rack  so  hinged  that  it  would  lay  back  on 
the  ground,  with  a  shield  covering  the  panels,  on  the  arrival  of 
the  blast  wave . 


Quartz  windows  are  commonly  used  but  because  of  the  size 
and  n.rmber  of  samples,  the  cost  would  be  too  great.  "Pyrex  Vycer"  is 
a  glass  manufactured  by  Corning  Glass  Yiorks,  with  properties  simular 
to  quartz.  It  is  comparatively  cheaper  than  quartz  and  can  be  manu¬ 
factured  in  desired  sizes  and  shapes.  it  would  warrent  further 
investigation.  Vethod  c  would  have  one  advantage  in  that  the  racks 
would  not  have  to  be  built  to  withstand  the  pressures  required  under 
a  or  b. 

An  improvement  of  the  present  rack  would  be  a  quicker 
method  of  fastening  the  sample  panels  to  the  panel  sections.  At 
present  .here  are  four  bolts  to  each  panel  and  thirty-two  paint 
panels  to  a  rack.  However,  these  can  be  put  on  at  leisure  and 
kept  covered  until  ready  far  exposure. 
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APPEMDIX  B 

METHOD  OF  EVALUATION  OF  TEST  RESULTS 
B.l  METHOD  OF  EVALUATION  OF  ML  SAMPLES 

The  samples  prepared  as  described  in  Appendix  A  were  subjected 
to  a  laboratory  source  of  thermal  flux  using  the  searchlight  method 
as  described  in  Mil  BUSTER  report  Mo.  WT311.  In  this  method,  the 
beam  of  a  24  inch  Navy  searchlight  is  directed  towards  a  receiving 
mirror  which  concentrates  the  energy  at  a  focal  point.  The  sample 
is  made  to  pass  through  this  point  at  a  constant  acceleration  or 
deceleration,  with  the  total  flux  and  the  time  of  exposure  deter¬ 
mining  the  amount. of  flux  at  any  point.  The  energy  level  is 
determined  by  placing  calibration  strips  along  the  side  of  the  sample 
and  converting  the  speed  of  travel  into  thermal  energy  in  oal/c nr, 

B.1.1  Method  of  Evaluating  Damage 

The  general  method  of  evaluating  the  damage  to  the  speci¬ 
mens  was  as  follows. 


B.1.1. 1  Evaluating  Exposed  Paint  Systems  On  Metal 

The  exposed  paint  systems  on  metal  were  evaluated 
for  initial  effects,  and  the  flaming  and  complete  destruction  of  the 
paint.  Flaming  was  observed  directly  during  exposure.  Complete 
destruction  was  the  minimum  energy  at  which  the  charred  paint  lost  its 
cohesiveness  and  could  be  readily  flaked  off  down  to  the  metal  sur¬ 
face  by  lightly  scraping  with  a  razor  blade. 


B.1.1, 2  Evaluating  Paint  Systems  On  Wood 

The  paint  systems  on  wood  were  evaluated  for 
initial  effects,  paint  char,  and  wood  char.  The  initial  effect  was 
primarily  the  discoloration  of  the  topcoat. 


B. 1.1.3  Evaluating  Exposed  Coated  Fabrics  and  Plastic  Films 


The  exposed  coated  fabrics  and  plastic  films  were 
evaluated  for  initial  effects,  charring  and  destruction.  In  several 
cases  only  one  critical  point  could  be  recorded,  the  destruction  of 
the  material.  The  energy  corresponding  to  destruction  was  taken  as 
the  minimum  energy  at  which  the  charred  material  lost  its  cohesive¬ 
ness  and  readily  fell  apart  at  a  light  touch. 
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B. 1.1.4  Evaluation  Of  Plastic  Fibers 

Plastic  fibers  were  evaluated  as  to  destruction 
only.  Destruction  was  that  point  at  which  the  fibers  parted. 

B.l.1.5  Evaluation  of  Rigid  Plastics 

Rigid  plastics  were  evaluated  as  to  the  critical 
points  particular  to  each. 

B. 1.1.6  Evaluation  Of  Packaging  Material 

The  packaging  material  evaluation  consisted  of 
determining  the  energies  corresponding  to  initial  effect,  charring 
or  melting  and  destruction. 

B.2  ERDL  LABORATORY  EVALUATION  TESTS 

B.2.1  Discussion  of  Test  Methods 

B. 2.1.1  Paint  Test  Methods 

The  following  exposure  and  evaluating  tests  were 
chosen  to  show  what  effect  the  field  exposures  had  on  the  service  life 
and  use  characteristics  of  the  different  paint  systems.  A  more  de¬ 
tailed  discussion  of  them  will  be  found  in  Fed.  Spec.  TT-P-141. 

The  Salt  Spray  Cabinet  Test  is  one  in  which  the 
samples  are  exposed  to  a  fog  of  20$  salt  solution  at  90°  F  and  was 
used  to  evaluate  the  porosity  of  the  film  and  its  ability  to  prevent 
corrosion  of  the  underlying  surface. 

The  Accelerated  Weathering  Test  is  one  in  which 
the  samples  are  subjected  to  cycles  of  ultra-violet  light  (carbon  arc) 
and  water  spray.  It  was  used  to  evaluate  the  service  life  left  in  the 
film,  that  is,  how  well  it  would  continue  to  stand  up  in  outside  use. 

The  Humidity  Cabinet  Test  is  one  in  which  the 
sample  is  subjected  to  conditions  of  high  humidity  (90°  F  and  95$  R.H.) 
and  was  used  to  evaluate  the  porosity  of  the  film  and  its  ability  to 
protect  against  rusting  in  high  humidity  (tropical)  conditions. 

Flexibility,  abrasion  resistance  and  shear  hard¬ 
ness  were  used  to  evaluate  the  effect  of  +he  above  exposure  tests. 
Flexibility  indicates  adhesion  of  the  film  to  the  surface  and  resist¬ 
ance  to  thermal  shock.  It  i3  determined  on  the  Navy  conical  mandrel 
and  is  calculated  to  per  cent,  elongation  of  the  film  by  the  following 
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where  T  =  average  thickness  of  the  panel  (inches) 
r  -  radius  of  incipient  cracking. 

Abrasion  resistance  indicates  the  resistance  of  the  film  to 
abrasive  wear.  It  is  determined  as  weight  loss  on  the  T&bar  Abrader 
and  calculated  to  volume  loss  of  the  paint  film. 

Shear  hardness  indicates  the  adhesion  and  cohesion  of  the  paint 
film  and  its  resistance  to  gouging  and  mechanical  shock.  It  is 
determined  on  the  Tabor  Abrader  and  is  reported  as  the  average  width 
of  scratch,  in  10"3  inches,  made  with  a  600  gram  load. 

B.2.1.2  Plastics  and  Coated  Fabrics 


The  non-volatile  (ash)  content  of  the  reinforced 
plastics  was  determined  by  ashing  at  1050°  F.  An  increase  in.  non¬ 
volatile  would  indicate  the  loss  of  plastic  binder. 

The  surface  hardness  was  determined  on  the  "M" 
scale  of  the  Rockwell  Hardness  Tester  in  accordance  with  Method  1081 
Fed  Spec.  L-P-406a.  A  change  in  hardness  indicates  an  increase  in 
the  polymerization  of  the  material  or  a  loss  of  plasticizer. 

The  specific  gravity  was  determined  on  a  Jolly 
Balance,  in  accordance  with  Method  5011,  Fed.  Spec.  L-P-406a.  An 
increase  in  specific  gravity  is  an  indication  of  the  loss  of  some  of 
the  volatile  constituents. 

The  breaking  strength  of  the  fibers  and  coated 
fabrics  was  determined  on  the  Scott  Tensile  Tester  in  accordance  \»ith 
vethod  5102,  Fed.  Spec.  CCC-T-1916.  Both  the  "strand  strength"  and 
"knot  strength"  were  determined  on  the  fibers  since  it  has  been  shown 
that  knotting  has  a  variable  effect  on  the  strength  of  the  fibers 
which  is  significant  when  the  fibers  are  used  in  camouflage  materials. 

The  flexual  properties  and  modulus  of  elasticity 
of  the  rigid  plastics  were  determined  in  accordance  with  Method  1031 
Fed,  .Spec.  L-P-406a.  This  test  indicates  the  ability  of  the  rigid 
plastic  to  resist  breaking  under  bending  stresses. 

The  percent  light  transmittance  was  determined 
on  the  G.  E.  Recording  Gpectrophotcmeter  in  accordance  with  Method 
425*3  Fed.  Spec.  TT-P-14lb,  This  test  indicates  any  loss  in  trans- 
luccncy  or  tne  ability  of  the  material  to  transmit  light. 
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B.3  METHOD  OF  EVALUATING  DAMAGE  TO  SAMPLES,  ERDL 

B«3«l  Paint  Samples 

B.3.1.1  Exposure  of  Metal  Panels 

The  metal  panels  were  cut  to  4*  x  4"  and 
3"  x  5"  sizes,  properly  edged  and  subjected  to  the  following  ex¬ 
posure  tests* 


150  hours  -  Salt  Spray  Cabinet 

300  hours  -  Accelerated  Weathering 
30  days  -  High  Humidity 

These  panels  were  then  evaluated  for  flexibility, 
abrasion  resistance  and  shear  hardness. 

B.3 .1.2  Exposure  of  Ihint  Systems 

The  panels  on  which  paint  systems  were  exposed 
to  85  cal /cm  and  apparently  suffered  total  destruction,  were  sub¬ 
jected  to  30  days  in  the  humidity  cabinet. 

B.3. 1.3  Exposure  of  Fire  Retardant  Panels 

The  fire  retardant  panels,  C.17  and  C.18  were 
conditioned  and  burned  by  the  Cabinet  Test  Method  as  specified  in 
Fed.  Spec.  TT-P-26. 

B.3. 2  Plastics  and  Coated  Fabrics 

B.3.2.1  Rigid  Plastics 

The  Aigid  plastics  were  subjected  to  the  follow¬ 
ing  laboratory  tests. 


Flexual  strength  and  modulus  of  elasticity 

Specific  Gravity 

Rockwell  Hardness 

Light  Transmittance 

Percent  Inert 
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B.3.2.2  Plastic  Film  and  Coated  Fabrics 

Plastic  films  and  coated  fabrics  were  sub¬ 
jected  to  the  following  labors oty  tests. 


Breaking  Strength 


Percent  elongation 
B.3.2.3*  Fibers 

Fibers  were  subjected  to  the  following  lab¬ 
oratory  tests. 

Breaking  strength!  strand  and  knot 
Percent  elongation,  strand  and  knot 
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TABLE  C-l 


lb*  Effect  of  Laboratory  Thermal  Flux  on  Certain  Materials 


3ysts» 

Material 

Description  of  Effaot 
on  Material 

Critical 

Energy 

Cal/cfc 

1 

Alkyd  lusterleas  as- 

Dulling  and  darkening 

7.9 

aael  (2  coats)  00 

of  surfaoe* 

steel* 

Surface  breaks  into 

non  propagating  flaae. 

16 

2 

Alkyd  lusterleas  an- 

Dolling  and  darkening 

19 

aael  (2  coats)  on 

of  surfaoe* 

altadjne* 

Surface  breaks  into 

non  propagating  flaae* 

38 

3 

Alkyd  lusterleas  an- 

Dulling  and  darkening 

6.3 

anal  (2  coats)  on 

of  surface* 

aagnaaiiau 

Surface  breaks  Into 

non  propagating  flaae* 

1 6 

Paint  Carbonises  exposing 

natal  on  light  scraping. 

30 

U 

Alkyd  Saad-gloss  so- 

Blistering  of  topcoat* 

1J* 

aael  on  wood* 

DLaooloratlon  of  topcoat* 

1.8 

Topcoat  Chare* 

5.5 

Uhderooat  Chars* 

13 

Wood  Brums* 

m 

Wood  Chare* 

17 

5 

Alkyd  Saai-gloss  an- 

Paint  turns  rusty  rad 

aael  on  steel* 

color* 

19 

6 

Alkyd  Sani-gloss  an- 

Paint  turns  nuty  red 

aael  on  alxadrrae* 

color* 

15 

7 

Alkyd  Scad -gloss  an- 

Paint  turns  rusty  rod 

aael  on  aagneai«u 

oolor* 

10 

Surfaoe  breaks  into  non 

propagating  flaae. 

Ha 

paint  oaxbocdBeB  and 

flakes  off  exposing  ae- 

tel  on  light  scraping* 

19 
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nstz  C-l  (Gout*) 


sgfltan 

Material 

Description  of  Effect 
on  Hats  rial 

Critical 

Energy 

Cal/Cn2 

8 

Alkyd  ftm-gioM  SU¬ 
MS!  on  wood  • 

Diacolo ration  of  top- 
ooat. 

Topcoat  Chars. 

Unda reoat  Chars. 

Wood  (Stars. 

1.5 

2.7 

7.0 

13.0 

9 

Alkyd  Close  ensnal 

Paint  turns  rusty  red 

on  steal. 

oolor. 

1$ 

10 

Alkyd  gloss  idm 1 

paint  turns  rusty  red 

on  alMliw. 

oolor. 

28 

U 

Alkyd  gloss  cnanel 

Paint  turns  rusty  rod 

on  MsassLun. 

oolor. 

ttutfaoe  breaks  into 
non  propagating  flans. 
Paint  carbonises  and 
flakes  off  exposing 
astal  on  light  scraping. 

6.7 

16 

33 

12 

Alkyd  Gloss  ononol 

Blistering  of  topcoat 

on  wood. 

along  grain  line. 
Discoloration  of  top¬ 
coat. 

Topcoat  Chars. 

Undercoat  Chars. 

Wood  Chars. 

1.0 

1.2 

2.7 

U.6 

12 

13 

Phenolic  Paint  on 

a tool. 

Paint  blackens. 

7.2 

3 k 

«  ... 

Phenolic  Feint  on 

altaaijnwu 

. . 

So  effect. 

S3 
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System 


Material 


Phenolic  Paint  on 


Phenolic  Paint  on 
wood. 


Critical 

Description  of  Effect  Energy 
on  Material  Cal/oa? 


Paint  turns  rusty  red 
color. 

Surface  breaks  Into 

non  propagating  flans.  13 

Paint  carbonises  and 

flakes  off  exposing 

■etal  on  light  scraping.  29 

Discoloration  of  top¬ 
coat.  1.8 

Topcoat  Chare. 

Undercoat  Chars. 

Wood  Chars. 


Alkyd  Seal-gloss 
oeer  Phenolic  eye- 
tea  on  a tael. 


Paint  blackens. 


Alkyd  Seed-gloss 
over  phenolic  sys¬ 
tem  on  cl minua. 


Paint  turns  a  rusty  red 
color. 


Alkyd  Seal-gloss 
over  phenolic  aye- 

tea  on  aagnealua. 


Alkyd  S**i~gloe# 
over  phenolic  ays- 

tea  on  wood. 


Paint  turns  e  rusty  red 
color. 

Surfaoe  breaks  into 
non  propagating  fleas. 
Paint  carbonises  and 
flakes  off  exposing 
atUl  on  light  scraping. 

MscoIoratioR  of  top- 

Topcoat  Chars. 

Undercoat  Chars. 

Wood  Chars. 


Alkyd  lnetarlesa  en- 
aael  (1  ooat)  on 

steal. 


Paint  blackens. 
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r . 

Critical 

feetw 

Material 

[  Description  of  Effect 

Energy 

on  Material 

Cal/Ca2 

22 

Alkyd  luaterlesa  an- 
awl  (1  coat)  oo 
alwLnoa* 

Paint  blackena. 

U3 

23 

Alkyd  lna  ter  last  an- 

Shall  blisters  on  surf- 

anal  (1  ooat)  on 

aoa« 

8.8 

uagnsalw* 

Paint  blackens* 

Surface  breaks  into 

16 

non  propagating  fines* 
Paint  carbonises  and 
flakes  off  exposing 

27 

natal  on  light  scraping* 

33 

2U 

Alky d  lnatarlass  an- 

Blistering  cf  topooat* 

l.U 

awl  on  wood* 

Topcoat  Chars* 

2.3 

tJnderooat  Chars* 

8.1 

Wood  Chars* 

10 

25 

Alkyd  Saal-fleaa 

Paint  turns  a  rusty 

on  a  teal. 

red  color* 

7*9 

26 

Alkyd  Swi-glosa  an- 

Paint  toms  a  rusty 

wal  on  aloadimu 

red  color* 

7.2 

27 

Alkyd  Ssed-gloss  an- 

Paint  tarns  a  rusty 

aaal  on  aagnealun* 

red  oolor* 

10 

Surface  breaks  into 
non  propagating  flaae* 
Paint  carbonises  and 

16 

flakes  off  exposing 
natal  cm  light  scraping. 

33 

25 

Alkyd  tad-floss  an- 

Blistering  of  topcoat* 

1.5 

awl  on  rmeA* 

Discoloration  of  topooat, 

2.U 

Tdpeoai  Chars* 

3.8 

iJhderooai  Chars* 

Ih 

Wood  Chars* 

23 

29 

Bpoo  raaln  paint 
(2  coata)  on  ataal. 

Paint  blackena. 

8.9 
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— 

System 

Material 

. . .  . ■■  . . . 

Description  of  Effect 
on  Material 

Critical 

Energy 

Cal/C*2 

30 

Epon  resin  paint 

Paint  blackens. 

6.7 

(2  coats)  on  AliaaLn. 

Surface  breaks  into 

non  propagating  flase. 

15 

31 

Epon  resin  paint 

Paint  blackens. 

9.2 

(2  coats)  on  aagne- 

Paint  fores  brittle 

stun. 

blisters  which  flake 

off  exposing  natal. 

U» 

33 

Epon  resin  paint 

Discoloration  of  top- 

(2  coats)  on  wood. 

coat. 

2.0 

Topcoat  Chars. 

3.7 

Wood  Chars. 

16 

33 

Epon  resin  paint 

Paint  blackens. 

10 

over  washprlner  on 

steal. 

3U 

Epon  resin  paint 

Paint  blackens. 

7.9 

over  vashpriaer  on 

alunimm. 

35 

Epon  resin  paint 

paint  hlackana. 

Hi 

over  wtstaprlnar  on 

Surface  breaks  into 

nagnesitau 

non  propagating  flans. 

16 

paint  Carbonises  and 

flakes  off  exposing 

natal  on  light  scraping. 

2k 

36 

Epon  resin  paint 

Discolor* ties  of  top- 

oT«r  woodpriaer  on 

coat. 

0.93 

wood. 

Topcoat  Chars. 

2.7 

Undercoat  Chars. 

5.7 

Wood  Chars. 

18 
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sgratea 

Material 

Description  of  Effect 
on  Material 

Critical 

Energy 

Cal/Cnr 

37 

Outside  barracks 
paint  on  poplar 

Blistering  of  topcoat. 
Discoloration  of  top- 

LO 

wood. 

coat. 

Topcoat  Chars. 

Wood  Chars. 

18 

3U 

38 

Fire  retardant  paint 

Blistering  and  discolor- 

on  poplar  wood* 

ation  of  topcoat. 

Spo ratio  charring  of 
topcoat. 

Topcoat  Chars. 

Wood  Chars. 

Undercoat  Chars. 

10 

?6-21 

21 

66 

81 

Douglas  Fir, 

Slight  charring. 

U.5 

Uncoated. 

First  grain  Char. 

Second  grain  Char. 

8.3 

10 

Poplar  wood. 

Slight  charring. 

5.7 

Unooated. 

Wood  Chare. 

8.9 

39 

Polystyrene. 

Hot  run 

Uo 

Polyester  reinforced 

Charring  begins,  no 

with  fiberglass  aat. 

effect  on  wood. 

28 

lii 

Cellules*  Acetate. 

Wood  Chars. 

Slight  nelting. 

Ds  struct!  on. 

7.2 

63 

135 

U2 

Plexiglass* 

Wood  Chars. 

No  other  apparent 
critical  points. 

6.5 

U3 

Teflon. 

Destruction. 

55 

uu 

Saran  Sheet. 

Destruction. 

7.6 

US 

Polyethylene. 

Destruction. 

30 
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System 

Material 

De8cription  of  Effect 
on  Material 

Critical 

Energy 

Cal/Cm2 

U6 

Vinyl  Sheet* 

Charring  begins. 

2.3 

U7 

QR-A  Rubber. 

Slight  discoloration. 

3.U 

Slight  Blackening. 

U 

Grey  discoloration. 

u.s 

Charring  begins. 

s.u 

Destruction. 

9.U 

U8 

Natural  Rubber. 

Slight  discoloration. 

0.81 

Broun  discoloration. 

2.8 

Grey  discoloration. 

4 

Charring  begins. 

8.3 

49 

Vinyl  rubber. 

Slight  discoloration. 

1.1 

Sporatic  charring. 

2.8 

Charring. 

4.5 

50 

(21-1  rubber. 

Slight  discoloration. 

0.45 

Grey  discoloration 

0.73 

Dk.  green  discoloration. 

2.9 

Charring  begins. 

4.5 

51 

GR-M  rubber. 

Slight  discoloration. 

0.45 

Grey  discoloration. 

0.74 

Brown  discoloration. 

1.9 

Charring  begins, 

2.5 

52 

Uncoated  Duck. 

Slight  discoloration 

1 

Destruction 

27 

53 

GR-S  rubber 

Slight  discoloration. 

0.81 

Charring  begins. 

2.2 

54 

Vinyl  covered 

Charring  begins. 

7 

glass  fiber. 

Destruction  begins. 

58 

55 

Nylon  fiber 

Melting  begins 

7 

Destruction  begins 

21 
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System 

Material 

Description  Effect 

on  Material 

-  .  . . 

Critical 

Energy 

Cal/Cn* 

56 

Dynel  fiber 

Charring  begins. 

5 

Destruction. 

9 

57 

Saran  fiber 

Charring  begins. 

2.8 

Destruction. 

5.5 

58 

Nylon  monofilm 

Destruction 

8 

FM  3606 

59 

Orion 

Destruction. 

32 

60 

Vinyon  (NO HU) 

Destruction. 

8.4 

121-115 

Barrier  Material 

Slight  discoloration. 

6.3 

Melting  begins. 

8.1 

121-rC-I-I 

Barrier  Material 

Slight  discoloration 

4.8 

Charring  begins. 

9.4 

121-A-II-I 

Barrier  Material 

Slight  discoloration. 

3 

Charring  begins 

5.8 

Destruction 

9.4 

131A-I-A 

Barrier  k,.ie.rial 

Melting  begins 

3.2 

Charring  of  underlayer 

7 

Destruction 

14 

117B-I-C 

later proof  bag 

Slight  discoloration. 

2.8 

Charring  begins. 

5.9 

Discoloration  of 

underlayer . 

11 

Destruction  top  layer. 

14 

Destruction  of 

underlayer. 

27 

149-1 

Ethylcelluloae 

Melting  begins 

5  (approx.) 

149-2 

Acetate- Butyrate 

Milting  begins 

5  (approx.) 

-  50  - 

RESTRICTED  DATA  SECRET 

ATOMK  CNWQy  ACT  >M4 


u 


TABLE 


System 

Material 

R1H  1756 

Any  Coooon 

GE  5249 

G.Ec  Cocoon 

Packaging 

material 


Description  of  Effect 
on  Material 


Slight  discoloration 
Charring  begins 

Melting  begins 
Charring  begins 

No  apparent  critical 


Critical 

Energy 

Cal/Cnr 


i  i  i  1 1 1 


SffittT 


TABLE  C-2 

Thermal  and  Bleat  Date  (Field  Ebcpoaurea) 


Stationa 

BAKBl 

D06 

(Non.  ft*) 

Slant 

Diatanoe 

IEsSjb 

Bleat 

pai 

Slant 

Distance 

Thermal 

Cal/Ca? 

Blast 

pal 

2000 

204 

17.5 

5.7 

2480 

85 

9.5 

4000 

4283 

5.0 

2.6 

5000 

5260 

3.2 

2.0 

5249 

18.5 

3.8 

7000 

7230 

1.6 

1.4 

7200 

9.8 

2.9 

9000 

9175 

5.7 

2.7* 

12000 

12130 

3.3 

•  Betimated  rmluee 
Slant  diatanoe  in  feet 

Bleat  neaaurementa  by  Sandia  Corporation  on  Contract  to  LASb 
Thermal  meeaur  amenta  by  XRDL  and  B1IL 


BAKER  Shot 

DOG  Shot 

Height  1118  ft 

Height  1417  ft 

HO  ft  H 

56  ft  N 

13  ft  1 

36  ft  B 

Siae  3.47  KT 

Siae  20.9  KT 

KSTMCraWTA 

atomc  ommft  act  mm 
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TABLE  C-3  (Cort.) 
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s mmJij  mmmmm 


7000  ft  Station 

• 

-P 

s 

i 

u. 

0 

o 

sc 

Fo  apparent  damage. 

No  apparent  damage. 

i 

No  apparent  damage. 

5000  ft  Station 

Spotted  reddening  of 
the  aurffice.  Some 
places  show  red 
oliatere,  others 
just  red  spots. 

Covered  with  fine 
blietere  in  the 
resinous  grain  and 
scattered  blist.era 

In  the  other  grain. 

No  apparent  damage. 

No  apparent  damage. 

A 000  ft  Station 

Panels  show  snail , 
medium,  and  large 
blisters.  Large 
blisters  have  sloughed 
off  showing  a  reddish 
coating  underneath. 
Resinous  grain  charred. 
Gravel  damage. 

Penal  slightly 'lighter 
in  color.  Resinous 
grain  charred.  Sur¬ 
face  oovered  with  sand. 
Some  blast  damage. 

Some  surface  erosion. 
Slight  darkening  of 
color.  Some  embedded 
dirt. 

Show  eome  lightening 
in  color.  Consider¬ 
able  blistering  and 
disintegration  of  the 
top  film.  Some  em¬ 
bedded  dirt. 

g 

•H 

-P 

0 

TO 

t 

0  0  5  -ri  f, 

O  f.  -P  h 

ho  c  e  0 
•  o  c  A 

V  0  o  o  o 

5  g  . 
la £  ££« 

f  «  ft  e  d 
e.  ®  h  p  -H 

See  C  «  i- 

0  0  H  O 

*  JC  p.  jC 
■o  C  O  if  0 

0  O  O 

rH  C  *J  O  •  . 

P  Vi  *  -p  T1 

P  H  r.  60  O  0 

£  s« 

C  •  tffl 

0  g5  5 

•  -rt  Py  b 

t)  m  f.  r-4  o 

s  §  5  ^  -s  . 

a-s-ss 

<d  •  a,  p  5 

ftc  «  E  o  1 
O.K  S  ?  & 

1  o  *  C1^  E 

*1 

P  M  0  0  C  O 

3  w  fejo  £j  § 

J 

u 

o 

% 

IB 

•H  *  v 

H  fi 

2 

S’ 

■n  v<  u 

l?| 

e  M 

1  v 

m  «s  •  o 

tiovi  e  -p 

Irl  U  5j 

1 

■  .  0  • 

V.  ►  Vh 

IP  o  0  e  v« 
e  o 

•h  ec  Us  — i 

H  c  ■  -p 

O  3  0?  5  1 

* 

t 

0T 

11 

PI 

cr\ 

rH 

' 

\ 

1 

1 
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SECRET 

tmhtf  ktwmtim 


1 

i 

j 

o  8) 

n  « 

i 

!s 

sa  a 

No  apparent  dam¬ 
age. 

Tom.  Probably 
due  to  blast 
damage.  - 

£ 

® 

t 

rH  • 

&§ 
o  o 

O 

No  apparent  dam¬ 
age. 

i 

i 

£ 

• 

• 

I 

i 

f* 

O 

sb 

No  apparent  damage. 

No  apparent  damage. 

_ 

No  apparent  damage. 

Completely  gone. 
Scorching  on  back 
up  panel 

Partially  burned. 

g 

1 

CO 

€ 

• 

+> 

5 

6 

8* 

& 

No  apparent  damage. 

One  edge  damaged 
(crumpled).  Could 
have  been  either 

l 

fe  m 

«| 

«  Jh 

rH  u 

JO  9 

Strip  tom.  Could 
be  blest  damage. 

Completely  destroyed. 
Scorching  on  back  up 
panel. 

Material  melted  and 
practically  gone. 

g 

•H 

W 

gome  gravel  damage 
and  surf  aoe  erosion. 
Some  bow.  No  charring 
of  back  up  panel. 

Neat  scorched  on  one 
edge.  Some  gravel  dam¬ 
age.  Backing  panel 
scorched. 

Completely  gone. 

Back  up  panel 
scorched. 

Completely  gone. 

Back  up  panel 
scorched. 

Completely  gone. 

Back  up  panel  shows 
edge  scorching. 

Completely  gone. 

Back  up  panel  shows 
good  scorching. 

1 

| 

vr> 

\0 

c- 

to 

O' 

• 

1 

1 

ft. 

• 

1 

1 

( Xf 

3 

58 
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TABU!  C-3  (Cont.) 


SmeWy  ferfnMin 

TABUS  C-4 


Thermal  Exposure  Effects 


DOG  Shot  at  2000  Ft. 

Descrintion  of  Effecta 

C-l 

Paint  completely  gone.  Panel  shoes  heat  blueing  and 
exoeasive  sandblasting. 

C-2 

Paint  completely  gone.  Panel  shows  excessive  sand¬ 
blasting.  One  panel  half  gone. 

C-5 

Paint  completely  gone.  Panel  shows  heat  blueing, 
excessive  sandblasting, and  gravel  damage. 

C-6 

Paint  completely  gone.  Panel  shows  heat  blueing, 
excessive  sandblasting,  and  gravel  damage. 

C-7 

Paint  completely  gone.  Panel  shows  heat  blueing, 
excessive  sandblasting,  and  gravel  damage. 

C-S 

Paint  completely  gone.  One  panel  completely  gone. 
Seoond  panel  shows  excessive  sand  erosion  and  gravel. 

C-12 

Paint  completely  gone.  Panels  show  heat  blueing  and 
excessive  sandblasting  and  gravel  damage. 

C-13 

Small  specks  of  what  appears  to  be  paint  remains.  The 
rest  of  the  panel  shows  sandblast  effects. 

C-16 

Paint  oompletely  gone.  Panels  show  heat  blueing, 
exoesaive  sandblasting,  and  gravel  damage. 

C-17 

Paint  oompletely  gone.  Surface  shows  excessive 
sandblasting  and  gravel  damage. 

C-18 

Paint  completely  gone.  Surface  shows  excessive 
sandblasting  and  gravel  damage. 

C-20 

Paint  oompletely  gone.  Surface  has  a  gray  mst 
appearance. 
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Table  C-7 


Effect  of  Biermal  Flux  on  Resistance  to  Accelerated  Weathering 


8J0T 

TMT 

Cl 

C2 

C5 

|  C6 

C7 

06 

Cl£ 

C13 

ci6 

C20 

32 

Flexibility 

12.1 

5.97 

9.53 

iKii 

<3.92 

9.5J 

<3.95 
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Abraalon 
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17**.  2 

226.8 

229.0 
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218.0 
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Table  C-8 

Iff  tot  of  Thermal  Flux  on  Resistance  to  High  Humidity 
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TABLE  C-9 


Effect  of  High  Humidity  on  Painted  Panels  Exposed  to 
a  Thermal  Energy  of  85  Cal/Cm? 


System 

Surface  Condition 

Unexposed 
Bare  Panel 

Entire  surface  covered  uniformly  with  medium  to  heavy 
rusting. 

Cl 

Light  blue  in  color.  Coating  gone.  Light  rust  spots 
covering  about  / ,0%  of  panel. 

C5 

Blue  in  color.  Coating  gone.  Light  rustirg  over  about 
2<yfo  of  panel. 

C6 

Burned  appearance  to  metal.  Coating  gone.  Rust  on 
several  drip  streaks. 

C7 

Mettalic  blue  color.  Coating  gone.  Light  rusting  over 
entire  surface. 

C12 

About  1C$  of  coating  still  intact.  Light  rusting  on 
bare  spots.  Rust  on  drip  streaks. 

Cl  3 

About  5$  of  coating  still  intact.  Only  slight  signs  of 
white  corrosion.  Considerable  abrasion  damage. 

Cl6 

Light  rusting  on  blued  portions.  Coating  gone.  Medium 
rusting  on  un burned  metal. 

C20 

Coating  gone.  Brownish-gray  color  surface.  Light  rust¬ 
ing  over  entire  surface. 
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TABLE  C-10 

Effect  of  Therwal  Flux  on  Overall  Flexibility 
(%  Elongation) 


Critloal 

Energy 

Coating  Systems 

cSl/Jo2 

Cl 

C2 

C5 

C6 

C7 

C8 

C12 

C13 

C16 

C20 

17.5 

12.1 

4.6 

8.7 

22.2 

5.8 

10.7 

3.9 

4.2 

6.2 

5.8 

18.5 

5.3 

3.9 

3.9 

14.2 

3.9 

4*4 

5.0 

3.9 

5.8 

7.2 

9.6 

5.3 

3.9 

5.3 

20.4 

5.8 

3.9 

3.9 

3.9 

5.5 

20.4 

5.6 

10.2 

3.9 

5.0 

28.6 

5.7 

4*4 

3.9 

3.9 

4.9 

8.8 

5.0 

6.8 

3.9 

4.6 

28.6 

4.2 

3.9 

3.9 

5.5 

10.1 

3.2 

5.1 

3.9 

7.8 

28.6 

3.9 

3.9 

3.9 

4.6 

9.4 

3.7 

9.3 

3.9 

5.1 

28.6 

5.8 

5.3 

3.9 

3.9 

4.6 

14.9 

1.7 

8.5 

3.9 

12.1 

4.5 

3.9 

3.9 

3.9 

9.5 

0 

11.2 

3.9 

I 

28.6 

B 

3.9 

3.9 

3.9 

4.6 

9.3 
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Effect  of  Thermal  Flux  on  Abrasion  Over-all  Resistance 
(Film  loss  in  10-4f.!l) 


Critical 

Ener/y 

Level 

Cooting  Systems 

Cal/Ctn^ 

Cl 

C2 

C5 

C6 

C7 

C8 

C12 

C13 

C16 

C20 

17.5 

217 

369 

381 

165 

331 

173 

99 

202 

184 

106 

18.5 

178 

336 

266 

198 

332 

294 

IX 

131 

97 

82 

9.6 

132 

120 

104 

80 

77 

93 

X 

74 

67 

73 

5.6 

132 

188 

119 

107 

107 

99 

83 

76 

64 

X 

5.2 

128 

139 

110 

118 

103 

94 

49 

53 

61 

66 

3.2 

121 

187 

136 

115 

117 

129 

68 

67 

78 

88 

3.7 

90 

96 

101 

83 

88 

91 

58 

68 

52 

81 

1.7 

106 

106 

99 

103 

94 

85 

44 

59 

56 

79 

0 

128 

126 

137 

119 

96 

103 

71 

50 

57 

89 
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TABLE  C-12 


Effect  of  Thermal  Flux  an  Shear  Over- all  Hardness 
(Width  of  Scratch  In  10" 3  is.) 


Critical! 


Coating  Systems 


Cal/Cm2 

Cl 

C2 

C5 

C6 

C7  C8 

C12 

C13 

C16 

17.5 

78.9 

95.1 

92.7 

70.7 

82.8  80.0 

71.2 

84.0 

93.0 

18.5 

69.6 

81.1 

66.2 

83.3 

63.5  13.8 

83.2 

86.2 

78.2 

9.6 

40.8 

55.1 

41.5 

59.3 

43.7  46.1 

56.0 

72.3 

72.9 

5.6 

54.0 

37.8 

50.8 

60.4 

51.5  44.2 

65.9 

72.2 

59.2 

5.0 

41.4 

41.6 

40.5 

52.0 

40.9  43.2 

56.8 

49.4 

50.8 

3.2 

38.5 

69.8 

37.7 

54.8 

46.9  48.8 

60.2 

51.1 

51.6 

3.7 

42.2 

35.4 

42.3 

48.8 

47.8  44.4 

62.2 

55.4 

51.6 

1.7 

41.9 

41.2 

44.5 

53.4 

48.4  46.5 

64.0 

56.0 

54.6 

0 

41.7 

34.1 

44.9 

56.8 

47.1  48.9 

63.9 

55.1 

53.2 

Barely  discernible  due 
white  color 
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TABLE  C-13 


Effect  of  T hemal  Exposure  on  the  Properties  of  Fire  Retardant  Paint 


T  hemal 

House  Paint 

(TT-P-40) 

Fire  Retardanl 

b  Paint  (w#20) 

Exposure 

Height  Loss 

Char  Volume 

Height  Loss 

Char  Volume 

Cal/Ci? 

Grama 

Cubic  Inch 

Grams 

Cubic  Inch 

Un exposed 

14.8 

5.84 

11.7 

5.45 

1.7 

10.8 

3.98 

9.4 

3.92 

3.7 

12.0 

4.81 

10.8 

4.39 

3.2 

12.4 

3.95 

9.4 

3.88 

5.0 

12.6 

4.67 

10.1 

3.44 

5.6 

11.7 

5.0 

9.2 

3.05 

9.6 

11.9 

5.0 

9.0 

2.83 

13.5 

11.2 

7.29 

16.7 

6.91 

17.5 

12.5 

5.01 

14.3 

5.79 

85 

116.0 

Burned  tip 
completely 

.  - 

49.83 

12.45 
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Effect  of  Thermal  Flux  on  Plastic  Films 
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TABU  C-17 


Iffect  of  T  hemal  Flux  on  tho  Brooking  Strength  of 
Rubber  Coated  Fabric! 


T  hemal  Flux  (Cal/C*2) 

Material 

Unexpoaed 

tSJ 

153 

IQJ 

5B 

Qy 

|Qg 

1*01 

|&K| 

Natural 

122 

131 

135 

132 

135 

132 

65.5 

None 

Vooprono  Of 

121 

119 

no 

H5 

U5 

114 

U8 

98 

83 

CR-I 

130 

131 

124 

129 

129 

141 

135 

1 23 

87 

dt-S 

122 

105 

115 

123 

U9 

U5 

m 

32 

None 

OR-A 

109 

105 

H9 

n6 

H6 

121 

112 

114 

None 

firyl 

130 

138 

136 

U9 

140 

135 

103 

105 

78 

Un ooatod 

Duck 

148 

128 

132 

129 

149 

132 

75 

None 

None 

Vooprono 

(Lab.  Batch) 

68 

67 

65 

67 

63 

48 

Hone 

None 

L*1*E 


rwii 


AB3 


- — .,Jtion 


- »r  Coated  Fabric* 


Material 

Thermal  Flux  (Ca] 

./Cm?) 

Unexposed 

KB 

18.5 

17.5 

Natural 

11 

13 

13 

12 

10 

D 

11 

None 

Neoprene  GN 

12 

15 

13 

12 

U 

n 

a 

7 

(31-1 

12 

13 

12.5 

11 

13 

12 

8 

GR-S 

9 

9 

10.5 

11 

11 

10 

10 

B 

None 

GR-A 

12 

13 

H 

H 

13 

12 

11 

n 

None 

Vinyl 

12 

14 

15 

M 

13 

12 

8 

8 

5 

Untreated 

Duck 

12 

14 

13 

12 

12 

H 

7 

None 

None 

Neoprene 
(Lab.  Batch) 

19 

19 

18 

18 

15 

15 

None 

None 

None 

Ultimate  elongation  in  % 
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Table  019  (cont.) 

Comparison  of  Thermal  Effect a 
Laboratory  Flux  ts.  Field  Exposure 

.  COdTUC  SYSTDC 


Critical 

tnergy 

Cel./C».2 

(  Syeten  C4 

1  8yat—  C5  I 

Laboratory 

field 

Laboratory 

Field 

5.2 

Top  coat  pitted 
and  charred, 
undorcoat  Intact 

Shall  to  large 
blisters.  Blisters 
red  and  black 

Ro  apparent  d— age 

Ho  apparent  A— age 

9.8 

Top  coat  gone, 
undercoat  Intact 

Charring  and 
bllaterlng  in  the 
rea lnoua  grain 

Ro  apparent  da— go 

Sc—  gravel  da— ge. 
8c—  imbedded  dirt 

18.5 

Coating  gone, 
broimlng  of  vood 

Coating  gone, 
rea lnoua  grain 
charred 

Some  redenlng. 

No  blisters 

Bllaterlng  and  flaw¬ 
ing  with  azpoaura 
of  panel .  Sc— 
charring  on  the 

edgea 

17.5 

Coating  gone, 
brcumlng  of  vood 

Coating  gone, 

rou  lnoua  grain  then 

deep  char 

Sens  redenlng. 

No  blisters. 

Sens  charring 

Charring,  blister¬ 
ing  and  flaking 

Critical 

3r*t— 

C7  _ 

Syaten 

C8 

Laboratory 

Field 

Laboratory 

Field 

1.6 

Ho  tat 

Ho  ipitfont  da— ge 

Ho  t— t 

Ho  apparent  da— ge 

_J-2_ 

Mo  teat 

Ho  apparent  it— g. 

No  test 

Ro  appas— t  da— HP. 

No  teat 

Ho  apparent  d— age 

Ho  t— t 

Ho  apparent  d— nge 

5.8 

Scum  blistering 
Incipient,  redenlng 

Ho  Tiiuai  da— g. 

No  apparent  daaage 

No  charge  in  color. 
Sceie  gravel  daaage. 
Sane  imbedded  dirt 

5.2 

No  apparent  da wage 

Ho  apparent  da—  ge 

No  apparent  daaage 

No  apparent  d— age 

9.8 

Hair  line  cracks  with 
reddnlng  and  charring 

In  cracka 

No  apparent  daaage 

No  apparent  dwage 

Sc—  gravel  da— ge 

18.5 

Blistering,  pitting 

and  charring  -  no 

Betel  axpoead 

Pelnt  ccsBj4.st-.ly 
gone.  Large  b Utt¬ 
ers  flaked  off. 

Xed  and  green  spots 
on  the  panel 

Shall  radish  spots 
startling  to  fora. 

No  othsa  apparent 

daaage 

Top  coet  gone. 

Prlser  apparently 
Intact.  Panel  h.ee 
yellow  spots  and 
large  bl is tars 

17.5 

Harare  charring  and 
flaking  with  panel 
exposed  In  spots 

Surface  coat  show 
Bottled  appearance 
of  brown,  red, 
jrelltw,  green,  with 
large  flakes 

Klgh  spots  of  fils 
shew  algs  of  red 
to  black  coloring. 

Ro  other  apparent 

daaage 

Coating  charred, 
fine  pitting  to 
shew  priaar. 

Sens  pitting  dawn 
to  aolal 
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Table  C-19  (cent.) 

Comparison  of  Thermal  Effects 
laboratory  Flux  vs*  Field  Exposure 

cqatud  sane 


Via*  to  MdlM 
till  tor*.  ladAlng 
of  the  fUo 


Hm  to  m41« 
hllater*,  eoa* 
tkKTl*|.  hednllg 

of  tea  rum 


Toy  film  charred, 
Tfi In  too*. 


toy  fUa  oharrad 
bat  In  toot  - 
covered  vlth  bllater* 


9.8  Coating  goo*,  go 
charring  of  toH 


18.8  Coating  gwo,  .light 
■arfaoa  oharrlog 


17  K  Coating  goo*. 

'  ,y/  larfao*  ohorrlng 


•potto*  rad  *pot*. 
Sea*  rad  bllatara 


A  fa*  rad  apote  on 
tta*  raalnou*  grain 


kail  to  larg* 

bllotera.  Raalnou# 
grain  obarrad 


kali  to  large 
bllotera.  bo 
charring  of  wood 


•arfaoa  oorarad 
vlth  fin*  to'lorg* 
til*  tar* .  Can* 14- 
*r*kl*  flaking  and 
charring 


Coating  gooe,  daap 
charring  In  raaln- 
oo*  gra In 


Coctlng  gone  In 
apote  shoving  un- 
oharrad  wood. 
Raalnooa  grain 
oharrad 


■o  apparent  4*aa g» 


Slight  *ttr/ao*  char, 
do  bllatarlng 


Slight  aurfae*  char, 
do  bllatarlng 


Coating  charrad. 
he  o barring  of  wood 


Coating  gon*.  ho 
charring  of  vood 


Coating  gone,  vary 
alight  aurfao*  char 


Coating  goo*, 
aurfae*  char  of  vood 


Coating  gone, 
aurfao*  ohar  of  vood 


■o  apparent  danage 


Covered  vlth  fin* 
bllatara  In  realn- 
oua  grain.  Scat¬ 
tered  bl  late  re  In 
other  grain 


Covai  1  vlth  fine 
bllateru  on  realn- 
crua  grain 


Slight  fading  of 
color .  Rea  lnoua 
grain  charrad 


fine  bllatara, 
charring  of  ra- 
a lnoua  vood 


Krceealve  charring 
and  bllatarlng. 
Plttlnr  of  coating 


Coating  gone,  deep 
char  In  raalnou* 
grain 


Realcoue  grain 
oharrad,  other 
grain  not  charred 


I  ho  apparent 


Soae  aurfeoe 
aroe loo.  Slight 
tartan  lag  In  color. 

9cm  lnhadded  dirt 


ho  apparent  danage 


Soae  lightening  In 
color.  Ccnelder- 
akle  bllatarlng 
and  dlalntagratlon 
of  top  rila.  Sow 
labeddad  dirt 
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Table  C-19  (cont. ) 

Comparison  of  Thermal  Effects 
Laboratory  Flux  vs.  Field  Exposure 


coiTim  srame 


Crltlo&l 

Energy 

Cml./C*.2 

Byaten  C12 

|  S/a  tea  Cl} 

Laboratory 

Field 

Laboratory 

FI  aid 

5.2 

Ho  apparent  damage 

Ho  apparent  damage 

Ho  apparent  d<Mage 

He  apparent  damage 

9.S 

Blackening  of  f tin 
surface.  Ho  other 
apparent  image 

Boat  grarol  damage 

Ho  apparent  image 

Considerable 
bl  la  tar  ing  and 
flaking  of  top 
coat.  Blister, 
red  In  color 

18.5 

Blackening  of  f 11a 
surface.  Ho  other 
apparent  image 

; 

Surface  covered 
vlth  fine  b] later® 
and  pitting.  Seas 
large  blisters  ex* 
poelng  the  panel 

Surface  charring 
coating  still  intact 

Surface  charred 
and  alligator lng. 
Coating  gone  In 
epola  leaving 
black  surface 
deposits 

17.5 

Ho  apparent  damage 
(28  cal.  shown  largo 
black  surface  de- 
poalta.  Film  Intact) 

Charring  and 
blistering  of  film. 

Same  pitting 

Severe  blackening  of 
surf ace  vlth  film 
still  intact.  Ho 
blister* 

Charring  and  alii* 
gatorlng  of  the 
surface.  One  side 
appear*  to  be  burnt 
off.  Scam  gravel 
damage 

Critical 

Bwrgr 

Sy* tea  Cl^  1 

|  Sjuta  C16 

Cal. /Cm. 2 

Laboratory 

Field 

Laboratory 

Field 

B 

Ho  apparent  image 

Ho  apparent  image 

Ho  teat 

Ho  apparent  image 

3.2 

Seas  surface  char 

Ci.  rere i  fine  to 
asdlvai  blisters . 

Sene  cracking  and 
peeling 

"0  teo  t 

Ho  apparent  dm»age 

3-5 

Saae  surface  char 

Covered  vlth 
blisters  on  the 
resinous  grain 

Ho  teat 

Mo  apparent  image 

Surface  ohar.  Ho 
char  an  vood 

Fine  to  large 
blister*,  large 
blister*  flAksd  off 
|  /hearing  vood  char- 
riry?  underneath 

Ho  apparent  image 

Mo  color  c hang* . 

Few  scattered 
hi  is  tar*  .  ikm* 
Imbedded  dirt 

5.2 

i  Surface  char 

Fine  to  large 
blister*.  Charring 
under  blister* 

Bo  apparent  h«|i 

Ho  arparamt  dig. 

9.6 

Coaling  charred, 
light  charring  of 
vood 

Excess Itp  surface 
charring  especially 
in  roe  Incsa*  grain 

Y«ry  alight  darken¬ 
ing  of  film.  Ho 
other  apparent  ia  ^;» 

Wil  to  large 
blister*  along 
o<gee  of  panel* 

18.5 

Coaling  gone, 
surface  charrlr^  of 
wood 

Coaling  gone,  d*. ep 
char  in  roelnous 
grain,  saae  char 
in  other  grain 

Slight  blackening  of 
surface.  Film  Intact 

Scorching,  check¬ 
ing  and  alligator- 
1^.  Contains 
very  fine  blister* 
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Table  C-19  (oonte) 

Comparison  of  Thermal  Effects 
laboratory  Flux  vs*  Field  Exposure 

CQfcTUn  SCTBF 


Bntn  C15 


Sjateoi  Cl6 


LAb oratory  I  Field 


17.5 

Coating  gone,  deep 

Coating  gone,  vood 

Slight  b  lac  leaning  of 

Surface  entirely 

oharrlng  of  vood 

oharred  In  rea  In¬ 

surface .  Film  Intact 

oharred;  extreme 

due  grain 

In  apote .  Sene 
gravel  damage 

Crltloal 
Ins rgy 
Col. /Cm2 


tea  CIS 


Ho  ceet 

Ho  apparent  damage 

Ho  teet 

Ho  apparent  damage 

Ho  teat 

Ho  apparent  damage 

Ho  apparent  damage 

Ho  apparent  damage 

Ho  apparent  damage 

Ho  apparent  damage 

Fine  blister 

Sara  blistering 
and  smoke  smudging 

Surface  coating 
charred 

fhie  panel  charred, 
other  panel  blist¬ 
ered  end  charred 

Coating  gona,  bow 
evrfao®  char 

Coating  gone, 
oharrlng  In  apote 

Ho  teat 


Ho  teat 


Ho  test 


Ho  apparent  damage 


Ho  apparent  damage 


Ho  apparent  damage 


Ho  apparent 


Ha  apparent 


Ho  apparent 


Ho  apparent 


Ho  apparent 


Ho  apparent 


Incipient  Burfaoe,  Surface  char 

charring  end 

bile  taring  of  coat- 

lig,  no  char  on  vood 


Coating  charred, 
eurfoce  char  -  vood 


Coating  charred 
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5.7  cal/c«2 


5.7  cal/ca^ 


P10  Dynel  P13  Vinyl  Covered  Glass 

Pll  Orion  Pll*  Nylon 

P12  Cotton  Pl5  Saran 

Pl6  Nylon  Honofila  (FM  3606) 


Fig.  C-2  Effect  of  Thermal  Flux  (cal/ca  )  on  Vailous  Fibers 
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17.5  cal/cn2 


iCM  ?■■  ~  Cf-2  :  er-3~T  CM& 


Standard  (Uoexpoaed) 


17.5  cal/ca2 


Standard  (Ubarnoaed) 


18.5  cal/cm2 

CF1  GR-S 
CF2  GR-I 
CF3  Neoprene  GN 
CF  Untreated  Duck 


18.5  cal/cn^ 


CF5  GR-A 

C?6  Natural  Rubber 

CF7  Vinyl  Chloride-Acetate  Cupol. 

CF8  Neoprene  (Lab.  Batch.) 


2 

Fig.  C-3  Effect  of  Thermal  Flux  (cal/cm  )  on  Coated  Fabrics 
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